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FOREWORD

This publication is a practical guide for the assenbly and
preparation of information required for electric power system
anal ysi s studies. It is witten specifically for engineers of the
Public Wrks Centers, Public Wrks Departnents, Naval Facilities
Representatives, and Engineering Field D visions.

This publication is certified as an official publication of
NAVFAC and has been reviewed and approved in accordance wth Sec-
retary of the Navy Instruction 5600. 16.

O manselasl

A. R MARSCHALL

Rear Admiral, CEC, U S. Navy
Commander

Naval Facilities Engineering Conmand
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CHAPTER 1. | NTRODUCTI ON

1.1 PURPCSE. Thi s manual establishes guidelines for assenbling
el ectrical power system characteristics necessary to conduct a

t horough engi neering analysis of an electric power distribution
system

1.2 SCOPE. The manual provides step-by-step procedures for
gathering information which is necessary for conputerized analysis
of an electric power distribution system  This information, some
of which appears to be highly technical, is developed by follow ng
“cookbook” procedures which can easily be followed by personne
with the nost rudinmentary know edge about electric power systens.

1.3 COVMPUTER CAPABI LI TY. NAVFAC Engi neering Field Divisions
(EFDs) have conputerized capability for solving conplex electric
pomer_systen1Problens. EFD Wility Division engineers can assist
activities solve sinple or conplex problens involving their elec-
tric power system Typical problem areas which can be quickly
solved with conputerized accuracy and docunentation are capacit
vol tage levels, power factor, short circuit currents, effects o
proposed construction and optim zed benefits from system rein-
forcenent.

1.4 SYSTEM ANALYSIS AND DATA ASSEMBLY. The initial step in elec-
tric power system analysis and evaluation is to prepare as com
plete and accurate a picture of the existing distribution system
as is possible. System characteristics are assenbled during a
field 1 nvestigation by activity personnel assisting NAVFAC_Engi -
neering Field Division (EFD) Uility Engineers or A&F's. This

i nvestigation enconpasses a search of avail able engineering rec-
ords and a systeminventory and survey to validate the accuracy
of the information which is devel oped. This information provides
clear and conci se docunentation of the existing distribution SYS-
t em conponents and the operation of the system Additional data
is provided on future system requirenents created by construction
and normal load growh. Succeeding chapters in this manual pro-
vide guidelines for developing all necessary itens to prepare an
accurate conposite picture of the electrical distribution system

1.4.1 One-Line Diagram The one-line diagramindicates, by neans
of a single line and synbols, the course and conponents or parts
conprising an electrical distribution system and shows how t hese
conponents are normal ly connect ed.

1.4.2 | npedance Diagram The inpedance diagramis a sinplified

1



one-line diagram on which all significant equipnment and line im
pedances are indicated.

1. 4.3 Line Inpedance Cal cul ation. Sinplified procedures and ex-
anpl es are provided showing how to cal culate positive and zero
sequence i npedances per underground cables and overhead |ines.

1.4.4 Load Survey. The |oad survey devel ops a conposite picture
of representative system |oads for present and future conditions.

1.5 DATA ACCURACY. In system anal ysis, the adage "garbage in-
garbage out" is especially accurate. Therefore, it is inperative
t hat accuracy be stressed during the devel opnent of system char-
acteristics. The devel opnment of these characteristics rests
primarily with activity personnel because of their famliarity
wth the system EFD engineers assist during this data gathering
and provide gui dance to nmake the task easier. I n instances where
activity personnel are not available for assenbling system char-
acteristics, EFD s can assist or the activity can obtain an A&E
to assenble this information.

1.6 BENEFI TS OF SYSTEM ANALYSI S. System analysis is a val uable
tool in the efficient nanagenent of a utility system Active
participation in the periodic analysis of electric power distri-
bution systens can provide the nost reliable power to the Navy

at the | owest possible cost. Sone of the benefits derived through
anal ysis are:

1. ldentification and elimnation of potential safety haz-
ards.

2. Optimzation of benefits from planned system inprove-
nent s.
I mproved systemreliability.
I ncreased system efficiency.
Reduced operation and mai ntenance costs.
: I ncreased activity know edge about their power systens
per f or mance.

oUW



CHAPTER 2. SYSTEM SURVEY

2.1 PURPCSE. The purpose of the system survey is to assenble al
data necessary to obtain a clear and concise picture of the elec-
trical distribution system This picture contains information
about the physical plant and the normal operation of the distri-
bution system

2.2 TWD PHASES | NVOLVED. The survey consists of two phases.
First, available engineering records are gathered and exam ned.
These records are then verified during the field investigation

of the second phase. The field investigation also obtains system
i nformati on which cannot be obtained in the records search.

The results of the analysis of an electrical distribution
system are contigent upon the accuracy of all input data. It
is therefore incunbent upon the personnel conducting the survey
to insure the accuracy of input data is verified and, in so far
as pzﬁctical, that all required information is obtained and docu-
nment ed.

2.3 SURVEY REQUI REMENTS. The system survey shall be conducted
to obtain the follow ng itens:

2.3.1 Plot Plan. The plot plan shows the geographical |ayout of
an activity and includes streets and buil di ngs.

2.3.2 Crcuit Routing Plan. The circuit routing plan is a plot
pl an whi ch has been annotated with the |ocation of overhead cir-
cuits, underground circuits, substations, sectionalizing swtches,
and switching stations. Overhead circuits should be annotated
with activity circuit designations. Underground circuits should

be annotated show ng activitihpircuits desi gnations and how nany
spare ducts are avail abl e. jor substations, swtching stations

and large | oads should be identified by their nanes.

2.3.3 One-Line Diagram A one-line diagram show ng the nornal
operating configuration of all swtches nust be provided. Devel -
opnent of the one-line diagramis addressed in Chapter 3.

2.3.4 Inpedance Diagram The inpedance diagramis a sinplified
one-line diagram which has been annotated with the positive and
zero sequence inpedances of system conponents. Devel opnent  of

t he inpedance diagram is addressed in Chapter 4.

2.3.5 Load Survey. Developnment of a system |oad survey is

3



2.3.6 Uility (Source) Inpedance. The EFD will obtain the fol-
| om ng source inpedance information from the electric utility
serving the activity:

1.  Three-phase and phase-to-ground fault current availability
at the activity nmetering point and, or,

2. Uility positive and zero sequence inpedance from the
activity nmetering point to the Uilities infinite bus expressed
in ohns, or in percent on a specified base (e.g. 100MA) , and,

3. Anticipated future changes to the above information.
This data should be acconpanied with a sinplified one-line im
pedance di agram showi ng positive and zero sequence i npedances
between the netering point and the utility infinate bus. This
sinplified inpedance diagramis very inportant when the activity
can be supplied from nore than one source by the utility.

2.3.7 Uility Vol tage Regul ati on. The typical daily voltage
regul ation of the utility should be provided if available. This
data can be presented in the formof a graph simlar to that shown
in Figure 1 or as a listing of the nomnal supply voltage and the
typical daily maxi mnum and m ni nrum vol t age. Data on typical summer
and winter daily voltage regulation, Figure 2, should be provided
if they are significantly different.

2.3.8 Qperating Probl ens. Include a brief synopsis of system
operating problens and outages caused by failure or nmalfunction
of a conponent within the activity distribution system Also
include areas which activity personnel feel should receive par-
ticular attention during analysis to answer questions on system
switching, future |load capability, and system safety and relia-
bility.

2.3.9 Equi prent I nventory. Figures 3 through 11 provide sanple
formats which can be used to list information about the system
Transformer, circuit breaker, notor, generator, voltage regul ator
and reactor inventories provide data which are necessary for all
system anal yses. Rel ay, recloser and fuse inventories provide
data which are required only if a systemrelay coordination study
IS going to be conducted.

2.4 SMALL SYSTEM SURVEY. For small systens, a detailed equipnent
inventory can be elimnated and all pertinent information can be
shown on the "one-line diagram™
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TRANSFORVER | NVENTCRY
ACTIVITY DATE:

TRANSFORVER LOCATI ON

ACTIVITY TRANSFORMER NO

MANUFACTURER, MODEL NO./TYPE:

RATI NG KVA, (OA) (ONFA)
VOLTAGES:__Prim KV/ Sec. KV _phase: Freguency:
W NDI NG CONNECTI ON: Primary Secondary
| MPEDANCE :
PRI MARY TAPS
RANGE

EXI STING SETTI NG

AUTOMATI C LOAD TAP CHANGER RANGE

TYPE OF GROUNDI NG AND GROUNDI NG | MPEDANCE

REMARKS'

1
Addi tional nameplate data, general condition, age.

FI GURE 3
Transfornmer Inventory




CIRCU T BREAKER | NVENTORY
ACTIVITY DATE :

BREAKER LOCATION :

ACTIVITY BREAKER NUMBER :

CIRCU T NUMBER :

MANUFACTURER :

STYLE/ MODEL NUMBER:

Tvre: (AIR) (OL) (MOLDED CASE) (VACUUM (GAS)
RATING :
CONTI NUOUS  CURRENT:

| NTERRUPTI NG CAPACI TY (AWPS OR WA):

VOLTAGE :
RATED :

CPERATING :

EXI STING SETTING OF TRIP

REMARKS '

'Condition of Breaker; type, quality and rage of trip devices that
are part of the breaker.

FI GURE 4
Crcuit Breaker Inventory




VOLTAGE REGULATOR | NVENTORY

ACTIVITY:

DATE :

REGULATOR LOCATI ON:
ACTIVITY VOLTAGE REGULATOR NUMBER :
ClRCUI T NUMBER :
MANUFACTURER AND MODEL NUMBER :
TYPE : __(I NDI CATION) (STOP- VOLTAGE)
RATING : KVA | KV PHASE

FREQUENCY HZ CURRENT AVPERES

CONTROL RANGE : % RAI SE, % LOAER

TYPE OF COOLI NG

REMARKS

FI GURE 5
Vol tage Regul ator |nventory




REACTOR | NVENTORY

ACTIVITY: DATE:
REACTOR LOCATION:
ACTIVITY REACTOR NUMBER
MANUFACTURER AND MODEL NUMBER
CIRCUT NUMBER :
TYPE : (Alrtom (IRON CORE)
APPLI CATIONS : __ (CURRENT LIMTING (NEUTRAL GROUNDING (DUPLEX) ('sHUNT)
RATI NGS : KVA KV, VOLTS DROP,

AVP_CONT AP SECONDS |

PHASE OHM/PHASE
TAPS
Remarks :

FI GURE 6
Reactor |nventory
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MOTOR | NVENTORY (OVER 100 HP)

ACTIVITY: DATE :

LOCATI ON:

ACTIVITY MOTOR NUMBER, DESI GNATI ON OR USE;
TYPE. (D.C. ) (SYNCHRONOUS) (INDUCTION):

HORSE POVER:

VOLTAGE: PHASE : FREQUENCY:

CURRENT :

PONER FACTOR

LOCKED ROTOR LETTER

SPEED:

METHOD OF STARTI NG (FULL LINE) (REDUCED VOLTAGE)

SUBTRANSI ENT REACTANCE (XD'):

TRANSI ENT REACTANCE (Xd'):

ZERO SEQUENCE REACTANCE ( Xo):

Renar ks

FI GURE 7
Motor Inventory (Over 100 HP)
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GENERATOR | NVENTCRY
ACTIVITY: DATE

GENERATOR  LOCATI ON:

ACTIVITY GENERATOR NUMEER :

USE: (EMERGENCY) (STAND-BY) (PRIME POVER)

PRIME MOVER (DIESEL) (GAS ENG NE) (GAS TURBINE)
(EXTRACTI ON STEAM TURBI NE) ( CONDENSI NG STEAM TURBI NE)

VOLTAGE:

RATING (KW

PONER FACTCR

FREQUENCE: PHASE:

SPEED:

GEN.  MANUFACTURER:

GEN.  SERIAL NUMBER

CONNECTI ON:  (DELTA) (WE)

GROUNDI NG (NoNE) (soLID) (RESI STOR OHVB) (REACTOR____CH\B )
REACTANCE :
SUBTRANSI ENT (X'd) :

TRANSI ENT (Xd) :

SYNCHRONOUS ( Xd) :

ZERO SEQUENCE (X0):

REMARKS'

'Other pertinent namepl ate data; age and condition of gen; Hours
on prime nover since last overhaul; etc

FI GURE 8
Cenerator Inventory
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ACTIVITY:

RELAY | NVENTORY

FEEDER:

DATE :

LOCATI ON:

BREAKER NUMBER:

MANUFACTURER:

NAME OF RELAY:

RELAY TYPE:

STYLE NUMBER:

QUANTI TY:

TAP RANGE:

| NSTANTANEQUS RANGE:

CT RATIO

PT RATIO

EXI STING SETTI NG
TAP:

LEVER

VOLTAGE:

| NST:

REMARKS'

'Any additional nameplate data or settings not provided above

FI GURE 9

Rel ay

| nvent ory
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RECLOSER | NVENTORY
ACTIVITY : DATE

LOCATI ON :

ACTIVITY NUMBER :

CIRCU'T NUMBER :

MANUFACTURER :

VOLTAGE :

PHASES : (30) (10)
CONTI NUOUS AMP RATI NG

| NTERRUPTI NG RATI NG :

TYPE CONTRoL: (MECHANI CAL) (ELECTRONI C)
OPERATI NG SEQUENCE :

REMARKS'

1 , . . o
Settings of electronic control unit, condition of recloser

FI GURE 10
Recl oser Inventory
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SWTCH AND FUSE | NVENTORY

ACTIVITY:

CRCUT :

DATE

LOCATI ON :

CUTQUT/ SW TCH
MANUFACTURER

STYLE NO

TYPE :©  ( ENcLoseD)  ( DEPENDENT)

(avi)

VOLTAGE :

CONTI NUCUS CURRENT RATI NG

| NTERRUPTI NG CURRENT RATI NG
FUSE

MANUFACTURER

TYPE :

SI ZE, |N AVPERES:

| NTERRUPTI NG RATI NG

REMARKS

FI GURE 11

Switch and Fuse Inventory
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CHAPTER 3. ONE LINE DI AGRAM

3.1 GENERAL. A one line diagramindicates, by neans of a single
line and sinplified synbols, the course and conponent devices or
parts conprising an electrical distribution system In so far

as is feasible, the approxi mate geographical position of substa-.
tions and |ines should be maintained on the diagram Because this

drawing is a diagrammatic shorthand, every line, synbol, letter
and figure has a definite nmeaning and a definite purpose in con-
veying significant information. In the interest of sinplicity,

duplication of information should be avoided and standard synbols
used to the maxi mum extent possible. For exanple, the abbrevia-
tion CT should not be used because the synbol for a current trans-
former conveys this information. The rating should be specified
as 600/5." The abbreviation AWPS is not necessary because current
transformers are rated only in anperes. Any non-standard synbols
which are used to show special features or equi pment nust be ex-
plained in the drawing |legend to make their neaning entirely clear.

3.2 CHECKLI ST. The following is a check list of items which
shoul d be included on a Iine diagram

1. The EFD will obtain the available three-phase and phase-
to-ground fault current of the utility supply at the activity
netering point. This information can be presented in anperes,

MVA, or as an inpedance to the utility infinite bus (inpedance
in ohms or per unit on a specified base). The EFD should also
request the utility to provide an estimate of future three-phase
and phase-to-ground fault levels. These estimates will provide
an indication of utility system changes which may affect the
future interrupting capability of Navy swi tchgear.

2. Transfornmers - show w nding connections, voltages, rating,
i npedance, neutral grounding and its inpedance, if any, and ac-
tivity transforner nunber, or substation nane.

3. Underground cables - size, length, type of insulation,
3-phase or 3-single phase, operating voltage, and activity assigned
circuit nunber.

4. Overhead lines - size and type of phase conductors, |ine
| ength, equivalent delta spacing, operating voltage, and circuit
nunber . If there is a ground wire indicate its size and type of
conduct or.

5 Circuit breakers - show type by appropriate synbol (for
exanple, oil, air, drawut) and activity assigned circuit breaker

'(Mul tiple ranges should be indicated and the range used should
be underli ned)

17



nunber. Al so show if breaker is operated normally open.

6. Switches and fuses - show rating in anperes, type, size,
interrupting of the fuse, activity assigned sw tch nunber and
normal operating position (indicate only if normally open).

7. Motors and generators (over 100 HP or KW - KWor HP
rating, power factor, synchronous or induction type, voltage, and
subtransi ent reactance. The followng additional data is required
for synchronous machi nes; transient reactance, synchronous reac-
tance, zero sequence reactance and the inpedance of any grounding
resistor or reactor installed on generators, including swtching
of the ground resistor or reactor and the normal operating position
of this switch

8. Location(s) where power purchased froma utility com
pany is netered.

9. Reactors, capacitors and voltage regulators - show their
KVA or KVAR rating, current rating, type of connection, tap range,
phases, and activity assigned nunbers. The follow ng information
Is required if a relay coordination study is to be conducted:

a. Locations of potential and current transfornmer.
For CTs show rating.

bh. Relays and netering - show |ocation, quantity and
types of relays by standard | EEE device nunbers (such as 51 for
overcurrent relays, 67 for directional overcurrent relays.

3.3 FUTURE PRQJIECTS. An additional copy of the one line diagram
shoul d be annotated with all proposed projects which will rein-
force, expand or nodify the existing electrical distribution
system Thi s di agram should show the length of new overhead and
underground circuits and the size of new substations or new sub-
station transforners. Al projects should be identified by their
assigned M LCON or repair project nunber. Figure 12 is an exanple
of a one |ine diagram
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LINE * 344
N.C. NC.
LINE * 342
NC. NC.
UTILITY CO. IMPEDANCE
IN % ON 100,000 KVA BASE
NO. LINE34l Z2-6.4+)148%
25 17.2+5.7%
LINE342 Z,=7.4+j21.2%
Zs 395+ 74.5%
/ 600A 3P y
fj TYPE sMD A
2 Eb’KVA % A 345KV A /\i/\ T-2
X 12,000/16,000 KVA
2-65% Y2 138KV Y4 \fY\/ %= 5o
32)? 800/5

NOTE-SUB"B"0CB's

E\é X X
RATED 1200A CONT.
W) @ 80l @ BO2 15 KV,500MVA L.C.
R CI Y

A N.O. SUBSTATION"B"
/L CKTPB BEDO; L ckTB2

$ BO4 % BOS5 %aoe FUT.
Y

32 piLe
5KV, 1I200F T

OVERHEAD LINE 10,500FT.

3-"2/0¢U,1-"2CU GND.
£.Q. DELTA SPACING= 42 IN.

+— 3/c* S00MCM PILC
I5KV, 7200 FT.

@)

¢
“\——7**‘——Tf

3/c* 2XLPE
I5KV, 400 FT.
et K-40
POWER PLANT
138KV & 75TO_I%VA
416KV ¥  \\/\V/ Z=6.0%
col

TURBINE GENERATOR

5000KVA, 0.8P.F, I3.8KV
3 PHASE, TWO POLE

o5, oLt

X"d=9% 3@ IND. MOT
X'd=15% 500HP, 0.8 P.F.
Xd=120% 4.16KV,X"d=17%
Xg= 3%

FI GURE 12

Partial One-Line Diagram
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CHAPTER 4. | MPEDANCE DI AGRAM DEVELOPNMENT

4.1 ESSENTI ALITY. An inpedance diagramis essential for any
analysis of an electric power distribution system It isin ef-
fect, a road map in one-line diagram format on which all signif-
i cant equi prent and |ine-inpedances are indicated.

4.2 100,000 KVA BASE FOR | MPEDANCES. The first step in devel-
opi ng an inpedance diagramis to convert the information contained
on the one-line diagram and system i nventory sheets into inpe-
dances on a pre-sel ected base. A base KVA is selected to sinplify
the calculations required to enter system analysis data into the
conput er. It is recoomended that all inpedances be converted to
percent on a 100, 000 KVA base. The follow ng formula can be used
for converting a resistance or reactance to percent on a chosen
KVA base is:

Percent Resistance = (“OHvS)  ( “"BASE)
10 (KV)

wher e: ohnms are |ine-to-neutral values (single conductor)

KVA base is the chosen 3-phase base KVA (100, 000 KVA)

KV is the line-to-line voltage (Kkilovolts)
Table 1 provides conversion factors for converting ohns to % on a
100, 000 KVA base. Sonme equi pnent reactance are expressed in per-
cent on their own rated KVA base (Tables 2 and 3). (For exanpl e,
transforners, generators, motors.) To convert to percent on the
chosen base from the equi pnent rating base KVA the following for-
mul a appl i es:

% X @New Base = %@ O d Base x New Base KVA
A d Base KVA

| npedance of notor on 100, 000 KVA base
%@ 100, OOOKVA = 16.8 X 100, 000 = 3360%

500
TABLE 1
Chns to Percent Conversion Factors
Line to Line Line to Neutral (forWCD”Ver;gggogg”B
i Vol tage in KV 0 “o0n a ,
Vol tage in KV g KVA Base)
2.2 1.27 2066
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Chns to Percent

TABLE 1 (Conti nued)

Conversion Factors

Li ne to Line

Vol tage in KV

Li ne to Neutral
Vol tage in KV

(For Converting Onns
to % on a 100, 000
KVA Base)

[ep}

[
¢ w
OO O0OOUIOPROOWNRAMAOUIONOORLROPW
\‘

NNNoooskRwNONMNEE
[
o

1890
1736
630. 1
578. 7
434.0
277.9
9

% ohnms on 100, 000 KVA Base = (ohnms) x (K)
Exanpl e: 13.2 KV System Vol t age.

z
z

,= 0.5 + |
.= (0.5 + j.75)
Base

Typi ca

React ance Val ues for

.75 ohns

(57.41) = 28.71 + |

TABLE 2

42.99% on 100, 000 KVA

Synchr onous Machi nes

Per Unit Val ues on Machi ne KVA Rati ng*
X" d X d
**Tur bi ne Generators
2 Pol e 0.09 0.15
4 Pol e 0.014 0.23
**Sal i ent Pole Generators
Wt hout Danper W ndings
12 Poles or |ess 0.25
14 Pol es or nore 0. 35
Wth Danper W ndings
12 Pol es or |ess 0.18
14 Pol es or nore 0.24
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TABLE 2 (Conti nued)

Typi cal Reactance Values for Synchronous Machi nes
Per Unit Values on Machi ne KVA Rati ng*

X'd X' d

Synchronous Mbtors
6 Pole
8-14 Pol e
**Synchronous Condensers
**Synchronous Converters
600 volts direct current
2500 volts direct current

oo ooo
W N NN -
w O ~N O O1

*Use manufacturers specified values if avail able.
**X'd not normally used in short-circuit Calcul ations.
Not e: Synchronous notor KVA bases can be found from
not or horsepower ratings as foll ows:
0.8 pf notor - KVA base = hp rating
1.0 pf notor KVA base = 0.8 x hp rating

TABLE 3
Typical Reactance for Induction Mdtors Per Unit Val ues
On Machi ne KVA Base (Horsepower Rating)*

X"d X' d
Above 600 volts 0. 20 _
600 volts and bel ow 0.28 -

Per Unit Z of induction nmotor on its own KVA
Base = R—RVATHP*

*KVA base is assuned equal to machi ne HP
**See Locked Rotor indicating Letter Table
in NEC (usually between 5 and 6)

4.3 EXAVMPLE OF TRANSFORVER | MPEDANCE CALCULATI ON USI NG TABLES
4 AND 5.

5000/ 5750KVA 30 power transforner

34.5-4. 16KV
Hv BIL - 200
LV BIL = 60
From Table 5 z = 6.00% on 5000KVA BASE

Not e: Transforner inpedances are based upon their air cool ed
rating or 5000 KVA for the above exanpl e.
The inpedance on a 100, 000 KVA base is:

6. 00 X 100,000 = 120%
5000
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As a general rule transforner resistance will be 20% of the re-
act ance. Therefore, the inpedance of the exanple transforner 1IS:

% = 24 + J120 (on 100, OOOKVA base)

Figure 13 is an inpedance di agram devel oped from the one-line
di agram

TABLE 4
Insulation Levels for Gl - Imersed Transforners
Nom nal System Distribution Levels Power Level s
Vol t age Bl L Bl L
KV KV KV
.24 30 45
.48 30 45
2.4 45 60
4.8 60 75
7.2 75 95
12.0 95 110
14. 4 95 110
23.0 - 150
34.5 o 200
46.0 - 250
69. 0 " 350
TABLE 5
Typi cal | npedances for Transfornmers (On Transfornmer KVA Rating)
HV BI L* LV BIL* | npedance - Percent
KV Kv
110 45 5.75
60- 110 5.5
150 45 5.75
60- 110 5.5
200 45 6. 25
60-110 6.0
150 6.5
250 45 6.75
60- 150 6.5
200 7.0
350 45 7.25
60- 200 7.0
250 7.5

*Use manufacturer’s specified values if available
or refer to Electrical Transm ssion and Distribu-
tion Reference Book or General Electric, Electric
Equi prent Specifiers Quide, Book | - Power D s-
tribution Apparatus if manufacturer’s specified
val ues are not avail abl e. BIL Levels nmay be ob-
tained from TABLE 4.

24



LINE * 342
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S
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i

3

SUBSTATION"B"
i CKT B2

g

~
0
~

R
3

. Z,= 8.31+j10.12
2o 112.14+]64.62 - Z,=50.52+]71.82
ZF119.90+j217.83

— >

POWER PLANT
ﬁ » 0\/\/\/ Z=j8000
v X"d=0+j 180.0 VYV
/L ;‘("_’;92;%0'0 SUBSTATION'C"
o\ X ovico ! I
L T
2 =157.56+;0.0
) @ x"d= j 3400.0
FI GURE 13
Parti al | mpedance Di agram

25




CHAPTER 5. DETERM NATI ON OF ELECTRI C LI NE | MPEDANCES

5.1 LINE | MPEDANCE CALCULATIONS. The calculation of electric
l'ine inpedances is a conplex task dependent on many input factors
such as ground inpedance spacing of conductors, conductor strand-
ing and construction, conductor insulation tenperature, the size
and effect of the neutral conductor, voltage, conducting nateria
and size, frequency, location of other lines. Al of these fac-
tors have some influence upon the actual inpedance of a line.

Some of these factors such as tenperature and ground inpedance
are continuously in a state of change. Therefore, no nmatter how
many i nput factors an engi neer considers, his calculation of line
i npedance becomes a very good estimate of the actual |ine inpe-
dance.

5.2 | MPEDANCE TABLES. The positive and zero sequence |npedance
Data contained in tables 7 and 9 is representative of l|ine inpe-
dance in Navy systens. (Table 8 is reserved for underground al u-
m num cables and will be published when devel oped.) The puri st
may argue that these values are not accurate because the actua
value of earth resistivity was not used to determne the zero
sequence inpedance of overhead lines or that standardized con-
ductor constructions were used instead of including all actua
construction, or that a delta-equivalent spacing was used instead
of actual spacing. The standard equivalent delta spacing of over-
head lines used for tables are: 34.5KV - 54", 13.2KV - 427,

2. 4KV and 4.16KV - 30". Conprom ses on the above data are common
practice in network analysis and relay coordination studies and
do not materially affect the final product which is effective
anal yses and coordination of the system The |npedances are pre-
sented in the line inpedance tables as ohns/1000 ft. at a fifty-
degree centigrade conductor tenperature.

5.3 USE OF THE LI NE | MPEDANCE TABLES.

5.3.1 Underground Cable |npedance. Positive and zero sequence
i npedances for three single conductor copper cables and three
conduct or copper cable can be read directly fromthe inpedance
table for underground cable (Table 7).

5.3.2 Overhead Line Inpedances. The inpedance tables (Table 9)
for overhead lines contain the positive and zero sequence i npe-
dances for three types of overhead I|ines: 30 copper, 30 ACSR
and 30 alum num I|ines. Each type of overhead line has five

tabl es associated with it.
Posi tive Sequence | npedance (R and X) can be read fromthe

first table. To locate the zero sequence | npedance, first you
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must go to the proper table for the geographic area where the

el ectrical systemis |ocated. Two tables are included each for
coastal area and inland area |ocations. Going to the tables with
t he proper geographic area indicated in the title, first read

and record the zero sequence (R and X) Self inpedance directly
fromthe table. Al values in this table are positive val ues.

If the line under consideration has a ground wire, you go to the
next table for the proper geographic area with the reading zero
sequence (ground wire) inpedance, |ocate the size of the ground
wire and read and record the zero sequence G ound Wre inpedance
(Rand X) for the size of the ground wire under consideration.

The total zero sequence inpedance for this line is obtained by
subtracting the value of the zero sequence (G ound wre) inpedance
fromthe value of the zero sequence (self) inpedance.

ro (self) - Ro (ground wre)

RO gtotalg
Xo (self) - xo (ground wre)

XO (total

If, however, the line under consideration has no ground wire, the
zero sequence (self) (RO & XO is considered to be the total zero

sequence | npedance.

Bel ow are exanples of how to use these tables:

5.3.2.1 Exanple No. 1.

Line - 5KV 30 3/C underground
Nom nal voltage - 4. 16KV
conductors - 500 KCM copper
Length - 4000 ft.

Insul. - PILC

From Table 7.3
Pos. Seq. Inp. (Z) = 0.0247 + jO 0231 ohns/ 1000’ phase

Total Z1 = 4000ft x (0.0247 + j 0.0231 = .0988 + j .0924
t ohnms phase

To convert to % on 100 WA Base, nultiply by conversion fac-
tor obtained from Table 1. K for 4.16KV = 578.7

%1 = 578.7 X (.0988 +j .0924) = 57.1755 + | 53.4719

From | npedance Table 7.3
Zero Seq. Inmp. (z0o = 0.3403 + j 0.2260 ohns/ 1000’/ phase

Total ZO = 4000ft
1000ft x (0.3403 + j 0.2260) = 1.3612 + j 0.9040

ohmns/ phase
To convert to % on 100 WA Base, mnultiply by conversion fac-

tor obtained from Tabl e 1. K for 4.16KV = 578.7
% Z0 = 578.7 x (1.3612 + j 0.9040) = 787.726 + | 523.144
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5.3.2.2 Exanple No. 2

Line - 5KV 30 3-1/c underground
Nom nal voltage - 4.16KV
Conductors - 500 KCM copper
Length - 4000 ft.

Cabl e spacing - 2 inches

I nsulation - PILC

| npedance From Table 7.9
Pes, Seq. Inmp. (2) = 0.0243 + j 0.0436 ohns/ 1000’ / phase

Total Z, = 4000° x (0.0243 + j 0.0436) = 0.0972 + j 0.1744
1000’ ohns/ phase

To convert to % on a 100 MVA Base, multiply by conversion
factor obtained from Table 1. K for 4.16KV = 578.7
%Z, = 578.7 x (0.0972 + j 0.1744) = 56.2496 + j 100.9253

From | npedance Table 7.9
Zero Seq. Inp. (Z) = 0.3155 + j 0.1705

Total 2, = 4000 (0.3155 + j 0.1705 = 1.2620 + j 0.6820 ohns/
1000 phase

To convert to % on a 100 WA Base, multiply by conversion
factor obtained from Table 1. K for 4.16KV = 578.7
%Z,., = 578.7 (1.2620 + j 0.6820) = 730.3194 + | 394.6734

5.3.2.3 Exanple No. 3.

Line - 34.5KV 30 overhead with ground wre
Conductors - 4/0 copper

Length - 4000 ft.

Gound wire - 1/4” dianeter nom na

Location - Coastal area

G ound wre:

1/4* =250 roils ,
circular roils = d° = (250)? = 62, 500 circular roils

#2 AWG = 66, 360 circular roils
So, #2 AWG is the wire actually used as the ground wire in
this exanple.

Read Positive sequence |npedance from first table of copper

lines for #4/0 copper (Table 9.1):
Pos. Seq. Imp. (z) = 0.0573 + j 0.1297 ohns/ 1000’ / phase

Total Z, = 4000 (0.0573 + j 0.1297) = 0.2292 + j 0.5188
1000' ohmns/ phase
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To convert to % on a 100 MVA Base, nultiply by the conver-
sion factor obtained from Table 1. K for 34.5KV = 8.40
%Z, = 8.40 x (0.2292 + j 0.5188 = 1.9253 + j 4.3579

To find zero Seq. Inp. go to the first zero sequence i npe-
dance table for coastal area |ocations:

Z. (self) = 0.1068 + j 0.5530

From the 2nd zero sequence inpedance table for coastal area
| ocati ons:

Z,(Gound wre) = -0.0738 + j 0.1607

= Zo(self) - Zo (Gound wire) = (0.1068 + j 0.5530) -

(-0.0738 + j 0.1607) = 0.1806 + j 0.3923 ohns/ 1000’/ phase

Total Zo = 4000° (0.1806 + j 0.3923) = 0.7224 + j 1.5692
ohmns/ phase

To convert to % on a 100 WA Base, nultiply by the conversion
factor obtained from Table 1. K for 34.5KV = 8.40
%Zo= 840 x (0.7224 + j 1.5692) = 6.0682 + j 13.1813

5.3.2.4 Exanple No. 4.

Line - 34.5KV 30 overhead w thout ground wre
Conductors - 4/0 copper

Length - 4000

Location - Coastal area

Read positive Seq. Inp. fromfirst table for 30 copper line
(Table 9.1):

Pos. Seq. Inmp (Z) = 0.0573 + j 0.1297 ohns/ 1000’ / phase

Total Z, = 4000° (0.0573 + j 0.1297) = 0.2297 + j 0.5188
1000° ohmns/ phase

To convert to % on a 100 WA Base, multiply by the conver-
sion factor obtained from Table 1. K for 34.5KV = 8.40

%, = 8.40 (0.2292 + j 0.5188) = 1.9253 + j 4.3597

To find zero Seq. Inp. go to the first zero sequence inpe-
dance table for coastal area |ocations:

Z. (self) = 0.1068 + j 0.5530 ohns/ 1000’/ phase

Wth no ground wre:
Total Z. = 4000° (0.1068 + j 0.5530) = 0.4272 + | 2.2120
1000’ ohns/ phase
To convert to % on a 100 WA Base, multiply by the conver-
sion factor obtained from Table 1. K for 34.5KV = 8.40
%Z = 8.40 (0.4272 + j 2.2120) = 3.5885 + j 18.5808
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TABLE 7
| MPEDANCE TABLES FOR UNDERGROUND CABLE

TABLE 7.1
TYPE 5KV /C RUBBER AND XLP
LR IR I 0 b I I b b b b b e I I I I b e b b b S 4
AUG OR PCSITIVE SEQUENCE ZERO SEQUENCE
VS/ | OOO) (OHVS/ 1 000")
kkkkk* ************* * k% %% R R I A b P b b b 0 I b b b b b 4
R X R X
6 0. 4526 0. 0449 0.7851 0. 4246
4 3. 2846 0. 0417 0. 6309 0. 4050
2 0.1790 0. 0388 0.5244 0. 3537
1/0 0.1149 0. 0362 0. 4440 0. 2898
201) 0.0911 0.0351 0.4142 0.2694
3/0 0.0723 0. 0340 0. 3873 0. 2558
4/ 0 3. 0573 0. 0330 0. 3628 0.2294
250 0. 0487 0. 0327 0. 3214 0.1818
300 0. 0407 0. 0320 0. 3016 0. 1666
350 0. 0349 0. 0313 0. 2937 0.1634
400 0. 0306 0. 0309 0. 2844 0. 1572
500 0. 0247 0.0301 0.2679 0. 1454
TABLE 7.2
15 / C CU RUBBER AND XLP
R R b b b 0 b b b b b I b b b b b 0 b I b b b

0. 2846 0. 0513 0.5436 0.2122
0.1790 0. 0476 0. 4365 0. 1965
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TABLE 7.2 (Conti nued)

AVG OR POSI TI VE  SEQUENCE ZERO SEQUENCE
( OHVS/ 10007 ) ( I\/B/lOOO’*)
* %k %k %k %% PR 0 I 2 I P 0 0 b 0 I 36 b 0 b 0 4 R 0 I I P 0 0 b I I 0 b 0 4
R X R X
1/0 0.1149 0.0438 0. 3662 0.1812
2/0 0.0911 0. 0422 0. 3383 0.1721
3/0 0.0723 0. 0407 0. 3158 0. 1647
4/ 0 0. 0573 0. 0392 0. 2928 0. 1537
250 0. 0487 0. 0381 0.2772 0. 1461
300 0. 0407 0. 0371 0. 2659 0.1414
350 0. 0349 0. 0362 0.2306 0.1232
400 0. 0306 0. 0355 0. 2259 0. 1155
500 0. 0247 0.0344 0.2122 0.1084
TABLE 7.3
5KV 3/C CU PILC
PR 30 b 00 0 0 I 30 b 00 b 0
6 0. 4526 0, 0394 0. 7886 0. 4913
4 0. 2846 0. 0366 0.6373 0. 4608
2 0.1790 0.0348 0.5381 0. 4294
1/0 0.1149 0, 0315 0.4787 0.4206
2/ 0 0. 0911 0. 0270 0. 4574 0.4198
3/0 0.0723 0. 0265 0. 4365 0. 3804
250 0. 0573 0. 0256 0.4191 0. 3637
300 0. 0407 0. 0247 0. 3887 0. 2922
350 0. 0349 0. 0242 0.3731 0. 2748
400 0. 0306 0.0238 0. 3609 0. 2554
500 0. 0247 0. 0231 0. 3403 0. 2260
750 0.0168 0. 0222 0. 2945 0. 1692
1000 0. 0130 0. 0217 0. 2692 0. 1444
TABLE 7.4
15 3/C CU PILC
PR 0 I 00 P 0 I 0 0 b 0
4 0. 2846 0. 0441 0.6118 0. 3284
2 0.1790 0. 0410 0.5046 0. 2975
1/0 0.1149 0. 0370 0. 4408 0. 2831
2/ 0 0.0911 0. 0355 0.4201 0. 2813
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AVG OR

*kkkk*x

3/0
4/ 0
300
350

400
500
750
1000

N I~
Re
oo

4/ 0
250
300

350
400
500
750
1000

QOO O OO WwWo O H

OO0000 O00O0 000Oo

TABLE 7.4 (Continued)

POSI TI VE  SEQUENCE
( OHVB/ 1000°

*************l****

X
. 0723 0.0342
. 0573 0. 0322
. 0407 0. 0316
. 0349 0. 0284
. 0306 0.0278
. 0247 0. 0267
. 0168 0. 0254
. 0130 0. 0245
TABLE 7.5

23KV 3/C CU PILC
kkkkkkkkhkkkhkhkkk*k

. 2846 0.0518
1790 0.0470
. 1149 0. 0426
. 0911 0. 0382
. 0723 0. 0366
. 0573 0. 0352
. 0487 0. 0343
. 0407 0. 0333
0349 0. 0324
0306 0. 0317
. 0247 0. 0304
. 0168 0. 0284
. 0130 0. 0275
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00000 0000 O©O0O0O

. 5861
. 4878
. 4257
. 4080

. 3676

3494

. 3334

3109

. 3006
. 2884
. 2660

2221

. 2067

Co0o o©o0oo

. 2496
. 2326

1962

. 2035
. 1952

1709

. 1325

1139

. 2724
. 2659
. 2573
. 2589

. 2514
. 2077
. 1952
.1751

1685
1587
1650

. 1077
. 0985



AWG CR

* k k k%

1/0
2/ 0
3/0
4/ 0

250
300
350
400

500
759
1000

N OO

1/0
2/ 0
3/0
4/ 0

250
300
350

TABLE 7.6
35KV 3/C CU PILC
* %

kkkkkkhkkkhkkkhkkk*k

PCSI TI VE  SEQUENCE

*

OO O OoONOO oo w

000 cooo ooococo M

(OHVS/ 1000 *)
kkkhkkkkkkhkkkhkkhkFxkhkx*k

X
. 1790 0. 0527
. 1149 0.0477
. 0911 0. 0456
0723 0.0438
. 0573 0.0423
. 0487 0. 0390
. 0407 0.0377
. 0349 0. 0367
. 0306 0. 0359
. 0247 0. 0350
0168 0. 0320
. 0130 0.0308

TABLE 7.7

5KV 3/C CU VC
kkkkkkkkhkkkhkk*%x

. 4526 0. 0384
. 2846 0. 0359
. 1790 0. 0347
. 1149 0. 0309
. 0911 0. 0302
. 0723 0. 0294
. 0573 0.0286
. 0487 0.0290
. 0407 0. 0285
. 0349 0. 0280
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SooOo [olaole o] OO o

000 0000 Ooo0oOo =T ¥

. 7682
. 6255
. 5377

L4712
. 4461
. 4068
. 3844

. 3613
. 3479
. 3094

OO0 OoCo ocow

. 1767
L1717
. 1677
. 1497

1444
1432

. 1367
. 1252
. 1243

. 1103
. 0930
. 0829

. 5824
. 5382
. 4305

. 3800
. 3624
. 2834
. 2634

2351

. 2249
. 1768



AWG OR

*kkkkk*x

400
500
750

N OO

2/0
3/0
4/ 0

250
300
350

400
500
750

TABLE 7. 7 (Conti nued)

PGSI TI VE  SEQUENCE
(OAVS/1000°) .

Rk b b b b

R X

0.030-6 0. 0277
0. 0247 0.0271
0.0168 0. 0262

TABLE 7.8
15 3/C CU VC
¥k kkhkkkkkikkkhkkk%k

9. 4526 0. 0490
0. 2846 0. 0455
0.1790 0. 0433
0.1149 0.0384
0. 0911 0. 0372
0.0723 0. 0359
0. 0573 0. 0347
0. 0487 0. 0339
0. 0427 0. 0331
0. 0349 0. 0324
0. 0306 0. 0319
0. 0247 0. 0309
0.0168 0. 0295
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COO OO0 OO0 ooo

L7712

5974

. 4903
.4210

3865

. 3389
. 3189

. 3042
. 3015
. 2825

. 2688
. 2599
. 2007

Co0O OO Oo00o o990

. 3694

2949

. 2738

. 2489
. 2280
. 1848

1759

. 1672
. 1587

1562
1458

. 1392
. 0996



TABLE 7.9
oKV 3-1/C PILC CU

kkkkkkkkhkkkhkhkkk*k

AWG OR  SPACI NG PGOSI Tl VE  SEQUENCE ZERO SEQUENCE
*kkkk*x *(******) ****Q\'********’*)**** ****(**b/’\‘s{\‘;l\:gg\‘q,i)*****
R X R X

6 1 0.4110 0. 0610 0. 7856 0.4199
6 2 0.4124 0.0769 0.7691 0.4166
6 3 0.4135 0.0861 0. 7593 0.4142
6 u 0.4144 0. 0926 0.7522 0.4124
6 5 0.4152 0.0976 0. 7467 0.4109
6 6 0.4159 0.1018 0.7421 0.4095
6 7 0.4165 0.1052 0. 7383 0.4084
6 8 0.4170 0.1082 0. 7349 0. 4073
6 9 0.4175 0.1109 0.7319 0. 4064
6 10 0.4180 0.1132 0.7293 0. 4055
4 ! 0. 2600 0. 0558 0. 6340 0. 3933
4 2 0.2614 0.0716 0.6182 0. 3911
4 3 0. 2626 0. 0809 0. 6088 0. 3894
4 4 0.2635 0.0873 0.6020 0. 3881
4 5 0.2643 0.0924 0. 5967 0. 3869
4 6 0. 2650 0.0965 0.5923 0. 3859
4 7 0. 2656 0. 0999 0. 5886 0. 3850
4 8 0. 2662 0.1029 0. 5854 0. 3842
4 9 0. 2667 0. 1055 0. 5825 0. 3834
4 10 0. 2672 0. 1079 0.5799 0. 3827
2 1 0.1628 0. 0515 0. 5342 0. 3629
2 2 0.1643 0.0673 0.5195 0. 3619
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TABLE 7.9 (Conti nued)

AWG OR SPACI NG PCSI Tl VE SE%PENCE ZERO SEQUENCE

MCM (1 NCHES) ( OHVS/ 1000") (OHVS/ 1 000")
Xk k* % %% kkhkkkk** **_4*************** R b I A b P 0 b b b 0 b b b b b 4

R X R X
2 3 0. 1655 0. 0766 0.5106 0. 3610
2 4 0. 1665 0. 0830 0.5043 0. 3602
2 5 0.1673 0. 0881 0. 4992 0. 3594
2 6 0.1680 0. 0922 0. 4951 0. 3588
2 7 0. 1687 0. 0956 0. 4916 0. 3582
2 8 0. 1693 0. 0986 0. 4885 0. 3576
2 9 0. 1698 0.1012 0. 4858 0. 3572
2 10 0.1703 0. 1036 0. 4833 0. 3566
1/0 1 0. 1029 0. 0501 0.4717 0. 3417
1/0 2 0.1044 0. 0625 0. 4577 0. 3413
1/0 3 0. 1056 0.0717 0. 4492 0. 3409
1/0 4 0. 1066 0.0782 0. 4431 0. 3404
1/0 5 0. 1075 0. 0832 0.4383 0. 3399
1/0 6 0.1083 0. 0873 0.4343 0. 3394
1/0 7 0. 1090 0. 0907 0. 4309 0. 3391
1/0 8 0. 1096 0. 0937 0. 4280 0. 3387
1/0 9 0.1102 0. 0963 0. 4254 0. 3383
1/0 10 0.1106 0. 0986 0.4230 0. 3379
2/0 | 0. 0819 0. 0441 0. 4479 0. 3258
2/0 2 0. 0834 0. 0600 0. 4345 0. 3260
2/0 3 0. 0846 0. 0692 0.4263 0. 3259
2/0 4 0. 0856 0. 0756 0. 4205 0. 3256
2/ 0 5 0. 0866 0. 0807 0. 2265 0. 3253
2/ 0 6 0.0873 0.0848 0.4120 0. 3251
2/0 7 0. 0880 0.0882 0. 4087 0. 3248
2/0 8 0. 0887 0.0912 0. 4059 0. 3245
2/ 0 9 0. 0892 0. 0937 0. 4034 0. 3242
2/ 0 10 0. 0898 0. 0961 0. 4011 0.3240
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TABLE 7.9 (Conti nued)

AWG OR SPACI NG PCSI TI VE SEQUENCE ZERO SEQUENCE
’gl NCHES) ( OHVS/ 1000’) ( OHVS/ 1000")
X%k % % %% Xk k% % %% LR b b S b P 0 0 b b b b b I b LR b I A b P 0 b b b b b b b 4
R X R X
3/0 1 0. 0650 0. 0413 0. 4197 0.2812
3/0 2 0. 0666 0. 0572 0. 4082 0. 2827
3/0 3 0. 0678 0. 0663 0. 4012 0. 2834
3/0 4 0. 0691 0.0728 0. 3962 0. 2838
3/0 5 0. 0701 0.0777 0. 3921 0. 2841
3/0 6 0.0710 0. 0818 0. 3887 0. 2842
3/0 7 0.0717 0. 0852 0. 3859 0. 2843
3/0 8 0.0724 0. 0882 0.3834 0. 2844
3/0 9 0.0731 0. 0908 0. 3812 0. 2844
3/0 10 0.0737 0. 0930 0. 3791 0.2844
4/ 0 1 0. 0517 0. 0387 0. 4003 0. 2629
4/ 0 2 0. 0534 0. 0545 0. 3896 0. 2648
4/ 0 3 0. 0548 0. 0637 0. 3831 0. 2657
4/0 4 0. 0559 0.0701 0. 3783 0. 2663
410 5 0. 0569 0.0751 0. 3745 0. 2668
410 6 0. 0578 0.0791 0.3714 0. 2670
4/0 7 0. 0586 0. 0826 0. 3687 0.2673
4/0 8 0. 0594 0. 0855 0. 3663 0. 2674
410 9 0. 0600 0. 0880 0. 3642 0. 2676
410 10 0. 0606 0. 0904 0.3623 0. 2676
250 | 0. 0441 0. 0366 0. 3874 0.2488
250 2 0. 0458 0. 0524 0.3774 0. 2510
250 3 0. 0472 0. 0616 0.3712 0. 2521
250 4 0. 0484 0. 0680 0. 3667 0. 2529
250 5 0. 0494 0. 0730 0. 3631 0. 2534
250 6 0. 0503 0.0770 0. 3601 0. 2537
250 7 0. 0511 0. 0804 0. 3576 0.2541
250 8 0. 0519 0. 0833 0. 3553 0. 2543
250 9 0. 0526 0. 0859 0. 3533 0. 2545
250 10 0. 0532 0. 0882 0. 3515 0. 2547
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TABLE 7.9 (Continued)

PCSI TI VE  SEQUENCE

* *

R

coco Ooo 9oo

(OHVE/

1000’ )

'k kkkkkk Kk k%

. 0368
. 0385
. 0399

0412

. 0423
. 0432

0441

. 0448

. 0455
. 0462

. 0335
. 0351
. 0364

. 0375
. 0386
. 0395

0403
0411

. 0418

. 0297
. 0312

0326

. 0338
. 0348
. 0358

. 0366
. 0374
. 0381

X

000 00O 00O 00 O0Ooo 0000

OO0 Ooo 9Oo0o

. 0345
. 0503
. 0595

0659

. 0709

0749
0783

. 0812

. 0837
. 0860

. 0479
. 0570
. 0634

. 0683
. 0534

0756
0785

. 0811
. 0833

. 0464
. 0555

0619

. 0669
. 0708

0741

. 0770
. 0796
. 0818
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* .

OooOo OO0 OO0Oo OO OO0OO0O0O OO0OO0O0o

OO0 00O 00O

. 3727
. 3629
. 3577
. 3536

. 3540
. 3475
. 3451
. 3430

3412
3394

. 3433
. 3378
. 3350

. 3322
. 3298

3278

. 3261

3245

. 3230

3330
3286

. 3253

. 3227
. 3205
. 3186

. 3169
. 3155
. 3141

00’)

kkKkkk*k*k

X

OO0 OO0O0O0O 0000

oS o000 Ooo

ooo ooo ooo

. 2317
. 2341
. 2355
. 2364

. 2370
. 2375
. 2379
. 2382

. 2385
. 2387

. 2021
. 2037
. 2048

. 2057
. 2063

2069
20,73

. 2077
. 2080

. 1906

1923
1934

1943
1950

. 1955
. 1961

1965

. 1969



TABLE 7.9 (Conti nued)

AVWG OR SPACI NG PCSI TI VE SEQUENCE ZERO SEQUENCE
(1 NCHES) ( OHVS/ 1000 ) ( 1000’ l
*kk k%% Xk kkk k% PR S e I 0 b b I b b b O b b I 3 PR 0 I 2 b P 0 0 b 00 I b 0 4
R X R X
500 2 0. 0243 0. 0436 0. 3155 0.1705
500 3 0. 0259 0. 0527 0. 3116 0.1723
500 4 0. 0273 0. 0591 0. 3087 0.1735
500 5 0. 0286 0. 0640 0. 3064 0.1744
500 6 0. 0297 0. 0680 0. 3044 0.1752
500 7 0. 0306 0.0713 0. 3028 0.1758
500 8 0. 0316 0. 0741 0. 3013 0.1763
500 9 0. 0324 0.0766 0. 3000 0.1768
500 10 0. 0331 0.0789 0. 2988 0.1772
750 2 0.0172 0. 0391 0.2738 0. 1265
750 3 0. 0190 0. 0482 0.2712 0.1282
750 u 0. 0205 0. 0545 0. 2693 0.1294
750 5 0. 0219 0. 0593 0. 2677 0. 1303
750 6 0. 0232 0. 0632 0. 2666 0. 1311
750 7 0. 0243 0. 0665 0. 2652 0. 1317
750 8 0. 0254 0. 0693 0. 2642 0.1323
750 9 0. 0263 0.0717 0. 2634 0.1328
750 10 0. 0272 0.0738 0. 2625 0. 1333
1000 2 0. 0137 0. 0359 0.2418 0. 0985
1000 3 0. 0156 0. 0450 0. 2400 0. 1000
1000 4 0.0173 0.0511 0. 2387 0.1011
1000 5 0.0188 0. 0560 0. 2375 0. 1020
1000 6 0. 0202 0. 0600 0. 2366 0. 1027
1000 7 0.0215 0. 0629 0. 2358 0.1033
1000 8 0. 0226 0. 0656 0. 2351 0.1038
1000 9 0. 0237 0. 0680 0.2344 0. 1042
1000 10 0. 0247 0.0701 0. 2338 0. 1047
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TABLE 7. 10

KV 3-1/C CU PILC

kkkhkkkkkkhkkkhkhkkk*k

PCSI TI VE  SEQUENCE

( OHVB/ 1000

)

kkkhkkhkkhkkhkkkhxkkhkxhkk*k

OO OOOO OO0 0

cO O00O0 oooOo

00O Oo0OoO O0o0Oo

. 4108
. 4125
. 4138
. 4150

. 4159
. 4168
. 4176
. 4183

. 4190
. 4196

. 2598
. 2615
. 2629
. 2641

. 2651
. 2659
. 2668
2675

. 2682
. 2688

. 1626
. 1643
. 1657
1669

. 1680
. 1689
. 1698
1705

L1712
.1719

X

oo o000 o0o0oo

o0 ©OooOo oooo

OO 0000 oooo

0611

. 0769

0860

. 0925

0974
1015

. 1049

1079

. 1105
. 1127

. 0558
. 0716
. 0808
. 0872

. 0922

0962

. 0996

1026

. 1052
. 1074

. 0515
. 0673
. 0765
. 0829

0879

. 0919
. 0953
. 0982

. 1008
. 1031
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OO [eleloXe] SCoO00oO OO OO0 O [olelele) 0 %

OO 0000 0000

*
*
*/\
*
*
*
%
*

. 7641

7528

. 71459
. 7409

. 71369
. 71337
. 7308
. 1284

. 1262
. 1241

. 6076

5970

. 5905
. 5858

. 5821
. 5790

5763

. 5740

. 5719
. 5700

. 5026
. 4929
. 4870

4826

L4791
. 4762

4738

. 4716

. 4697
. 4679

OO 0000 0000 o O0oo Oo0o0Oo

00 OO0O0O 0000

. 3027
. 2987
. 2994
. 2999

3001

. 3003
. 3005
. 3005

. 3006
. 3006

2780
2800

. 2810
. 2816

. 2820
. 2823

2826

. 2827

. 2829
. 2830

. 2567

2591

. 2603

2611

. 2616
. 2621
. 2624
. 2627

. 2629
. 2631



1/0
1/0
1/0
1/0

1/0
1/0
1/0
1/0

1/0
1/0

2/0
2/ 0
2/0
2/ 0

2/ 0
2/ 0
2/ 0
210

2/ 0
2/0

w W w
OO O

wWwww Www
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TABLE 7.10 (Conti nued)

POSI TI VE  SEQUENCE ZERO SEQUENCE
( OHVS/ 1000") (OHVBS/ 1 000")

PR b b 2 b P 0 I 0 b 0 b b b b b LR R I A b P 0 b 0 0 b I b b b 4
R X R X

0. 1027 0. 0466 0. 4407 0. 2478
0. 1044 0. 0624 0.4312 0. 2502
0. 1059 0.0716 0.4254 0. 2515
0.1071 0.0780 0.4212 0. 2523
0.1081 0. 0830 0.4196 0. 2530
0.1091 0.0870 0.4149 0. 2534
0.1099 0. 0904 0.4125 0. 2538
0.1107 0. 0934 0.4104 0. 2541
0.1114 0. 0959 0. 4085 0. 2544
0.1120 0. 0982 0. 4067 0. 2545
0. 0817 0. 0441 0. 4149 0. 2362
0. 0834 0. 0599 0. 4059 0. 2387
0. 0848 0. 0691 0. 4004 0. 2402
0. 0861 0. 0755 0. 3963 0.2411
0. 0872 0. 0805 0. 3930 0. 2417
0. 0881 0. 0845 0. 3904 0. 2423
0. 0890 0.0879 0. 3880 0. 2427
0. 0898 0. 0908 0. 3860 0.2430
0. 0905 0. 0934 0. 3842 0. 2434
0. 0911 0. 0956 0. 3825 0. 2436
0. 0666 0. 0571 0. 3771 0.2124
0. 0682 0. 0662 0. 3723 0.2141
0. 0695 0.0726 0. 3687 0. 2152
0. 0707 0.0776 0. 3659 0. 2159
0.0717 0. 0816 0. 3635 0. 2166
0.0726 0. 0849 0. 3615 0.2171
0.0734 0. 0878 0. 3597 0. 2176
0.0742 0. 0904 0. 3581 0.2180
0.0749 0. 0926 0. 3566 0. 2183
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TABLE 7.10 (Conti nued)

AWG OR SPACI NG POSI TI VE SEQUENCE ZERO SEQUENCE
,gl NCHES) ( OHVS/ 1000’*) ( OHVB/ 1000')
* %k %k %k %% * k% k% k% PR 0 b b b P 0 0 I b 0 I 3 PR 0 I A b P 0 b 0 b 00 I b b 0 b 0 4
R X R X
410 2 0. 0533 0. 0545 0.3574 0.1997
4/ 0 3 0. 0549 0. 0636 0. 3529 0.2014
410 4 0. 0562 0. 0700 0. 3496 0.2025
410 5 0.0574 0.0749 0. 3469 0.2034
410 6 0. 0585 0.0789 0. 3448 0. 2041
410 7 0. 0594 0. 0823 0. 3428 0. 2046
410 8 0. 0603 0. 0852 0. 3412 0. 2052
410 9 0.0611 0. 0876 0. 3397 0. 2055
410 10 0. 0618 0.0899 0. 3383 0. 2059
250 2 0. 0457 0. 0523 0. 3443 0.1894
250 3 0. 0473 0. 0615 0. 3401 0.1912
250 4 0. 0487 0. 0679 0. 3369 0.1923
250 5 0. 0499 0.0728 0. 3345 0.1932
250 6 0. 0510 0. 0767 0. 3323 0.1940
250 7 0. 0519 0. 0801 0. 3306 0.1946
250 8 0. 0528 0. 0830 0. 3290 0.1951
250 9 0. 0536 0. 0855 0.3276 0. 1955
250 10 0. 0544 0.0877 0.3263 0.1959
300 2 0.0384 0. 0503 0. 3296 0.1773
300 3 0. 0401 0.0594 0. 3258 0.1791
300 4 0. 0415 0. 0677 0. 3229 0.1803
300 5 0. 0427 0.0707 0. 3206 0.1812
300 6 0. 0438 0. 0747 0. 3187 0.1819
300 7 0. 0448 0.0780 0. 3170 0.1826
300 8 0. 0457 0. 0809 0. 3155 0.1831
300 9 0. 0466 0.0834 0. 3142 0.1836
300 10 0. 0473 0. 0856 0. 3130 0.1840
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TABLE 7.10 (Conti nued)

AWG OR  SPACI NG POSI TI VE SEQUENCE ZERO SEQUENCE
KCM (1 NCHES] (OHVB/ 10007 ) (OHVE/ 100 2
* Kk Kk k% Xk kk*k* * k Xk * k¥ * * * % % % * * kX k k¥ ¥ * % % * * %
R X R X
350 2 0.0334 0.0479 0. 3081 0.1536
350 3 0. 0351 0. 0569 0. 3049 0. 1554
350 4 0. 0367 0. 0633 0. 3025 0. 1566
350 5 0. 0380 0. 0681 8.%%%6 0.1576
350 6 0. 0392 0.0720 - 0 0.1584
350 7 0. 0402 0. 0753 0.2976 0. 1590
350 8 0.0412 0. 0781 0. 2963 0. 1595
350 9 0.0421 0. 0806 0.2952 0. 1601
350 10 0. 0430 0. 0828 0.2942 0. 1605
400 2 0. 0296 0. 0464 0. 2979 0. 1455
400 3 0. 0313 0. 0555 0. 2949 0. 1470
400 4 0. 0329 0.0618 0.2926 0. 1483
400 5 0.0342 0. 0666 0. 2909 0.1492
400 b 0. 0354 0. 0705 0.2894 0. 1500
400 7 0. 0365 0.0738 0. 2881 0. 1507
400 8 0. 0375 0. 0766 0. 2869 0.1512
400 9 9.0384 0. 0791 0. 2859 0.1517
400 10 0. 0393 0.0813 0. 2850 0.1521
500 2 0. 0242 0. 0436 0.2819 0. 1320
500 3 0. 0259 0. 0526 0.2792 0. 1337
500 4 0.0276 0. 0590 0.2772 0. 1349
500 5 0. 0289 0. 0638 0. 2756 0. 1359
500 b 0. 0302 0.0677 0.2743 0. 1366
500 7 0. 0313 0.0710 0.2732 0. 1373
500 8 0. 0323 0.0737 0.2722 0. 1379
500 9 0. 0333 0. 0762 0.2712 0.1384
500 10 0.0341 0.0784 0. 2704 0.1388
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TABLE 7.10 (Continued)

AWG OR  SPACI NG PCSI TI VE SEQUENCE ZERO SEQUENCE

KCM £I NCHES) &G—II\/B/ [ OOO’l ( OHMVS/ 1000)
Xk %x k%% ***** * % % ¥k kk k) k% * % % R 0 I I P 0 0 b 0 I b b 0 4

R X R X
750 2 0. 0170 0. 0391 0. 2429 0.1001
750 3 0. 0190 0.0481 0.2411 0.1016
750 4 0. 0207 0. 0544 0. 2400 0.1026
750 5 0. 0223 0. 0591 0. 2387 0.1034
750 6 0. 0237 0. 0630 0. 2377 0.1041
750 7 0. 0249 0. 0662 0. 2370 0. 1047
750 8 0. 0261 0. 0688 0. 2363 0. 1052
750 9 0.0271 0.0712 0. 2356 0. 1057
750 10 0.0281 0.0733 0.2351 0. 1061
1000 2 0. 0135 0. 0359 0.2141 0. 0796
1000 3 0. 0156 0. 0448 0.2128 0. 0809
1000 4 0.0174 0. 0510 0.2119 0. 0818
1000 5 0. 0191 0. 0557 0.2111 0. 0825
1000 6 0. 0206 0. 0594 0.2105 0. 0831
1000 7 0.0220 0. 0626 0. 2099 0. 0837
1000 8 0. 0233 0. 0652 0. 2094 0. 0841
1000 9 0. 0244 0. 0675 0. 2089 0. 0845
1000 10 0. 0255 0. 0695 0. 2085 0. 0848

TABLE 7.11

23KV 3-1/C QU PILC

kkkhkkkkkkhkkkhkhkkk*k

4 2 0. 2615 0.0716 0.5642 0.2147
4 3 0. 2630 0. 0807 0. 5598 0.2164
4 4 0.2644 0. 0871 0. 5565 0.2176
4 5 0. 2656 0. 0920 0. 5539 0.2184
4 b 0. 2666 0. 0960 0. 5517 0.2191
4 7 0.2676 0.0993 0. 5498 0.2197
4 8 0.2685 0.1022 0. 5482 0.2202
4 9 0.2693 0. 1047 0. 5467 0. 2206
4 10 0. 2700 0. 1069 0. 5454 0.2210
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TABLE 7.11 (Continued)

AWG OR  SPACI NG PGSl TI VE SEQUENCE ZERO SEQUENCE
£I NCHES) &C]—IMS/I 000'2 g(]—llVB/ 1000’*)
* k %k k x % * k %k k x % * % % ¥k kkk k) k% * % % % * % % ¥k kkk k) k% * k% % % %
R X R X

2 2 0. 1643 0. 0673 0. 4607 0. 2013
2 3 0. 1659 0.0764 0. 4566 0. 2030
2 4 0.1673 0. 0828 0. 4535 0. 2042
2 5 0. 1685 0. 0877 0. 4511 0. 2051
2 6 0. 1695 0. 0916 0. 4491 0. 2059
2 7 0.1705 0. 0950 0. 4473 0. 2065
2 8 0.1714 0. 0979 0. 4458 0. 2070
2 9 0.1723 0.1004 0. 4444 0. 2074
2 10 0.1730 0. 1026 0. 4431 0. 2078
1/0 2 0. 1044 0. 0624 0. 4008 0. 1965
1/0 3 0. 1060 0.0716 0. 3967 0. 1983
1/0 4 0. 1074 0.0779 0. 3936 0. 1994
1/0 5 0. 1086 0. 0828 0. 3912 0. 2004
1/0 6 0. 1097 0. 0868 0. 3892 0. 2011
1/0 7 0.1106 0. 0902 0. 3874 0.2017
1/0 8 0.1116 0. 0930 0. 3859 0.2022
1/0 9 0.1123 0. 0955 0. 3845 0. 2026
1/0 10 0.1131 0. 0977 0. 3832 0. 2030
300 2 0. 0384 0. 0503 0. 3010 0.1434
300 3 0. 0402 0. 0594 0. 2982 0. 1452
300 4 0. 0417 0. 0657 0. 2962 0. 1464
300 5 0. 0431 0. 0705 0. 2944 0.1473
300 6 0. 0444 0. 0744 0. 2930 0.1481
300 7 0. 0455 0.0777 0.2919 0. 1488
300 8 0. 0465 0. 0805 0.2908 0. 1494
300 9 0. 0474 0. 0830 0. 2898 0. 1498
300 10 0. 0483 0. 0851 0. 2889 0. 1503
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TABLE 7.11 (Conti nued)

AVG OR SPACI NG PCOSI TI VI CUENCE ZERO SEQUENCE
(1 NCHES) (O—| 0) ( OHVE/ 1000’ )
* %k % % % Xk k% %% kkkkkk ik *x*x ~k~k~k~k~k~k~k~k R b I b I I b b I b I b b b I b 3
R X R X
350 2 0. 0333 0. 0479 0. 2889 0.1343
350 3 0. 0351 0. 0569 0. 2863 0. 1360
350 4 0. 0366 0. 0632 0. 2844 0.1372
350 5 0. 0380 0.0672 0.2829 0. 1381
350 6 0.0393 0.0719 0. 2816 0.1389
350 7 0. 0404 0.0752 0. 2805 0. 1395
350 8 0. 0415 0.0780 0. 2794 0. 1401
350 9 0.0424 0. 0804 0.2786 0. 1406
350 10 0. 0433 0. 0826 0.2777 0. 1410
400 2 0. 0294 0. 0464 0.2799 0.1283
400 3 0.0312 0. 0555 0. 2775 0.1299
400 4 0.0328 0.0618 0. 2757 0.1311
400 5 9.0342 0. 0666 0.2742 0.1320
400 6 0. 0355 0. 0705 0. 2730 0.1328
400 7 0. 0366 0.0737 0.2719 0.1334
400 8 0. 0377 0. 0765 0.2710 0.1340
400 9 0. 0387 0.0789 0. 2702 0. 1345
400 10 0. 0395 0.0811 0. 2694 0.1349
500 2 0. 0241 0. 0436 0. 2547 0.1079
500 3 0. 0261 0. 0526 0. 2527 0.1094
500 4 0.0278 0. 0589 0. 2513 0.1105
500 5 0. 0293 0. 0637 0. 2502 0.1114
500 6 0. 0307 0. 0675 0. 2492 0.1123
500 7 0.0319 0.0706 0. 2484 0.1127
500 8 0. 0330 0.0734 0. 2476 0.1132
500 9 0.0341 0.0758 0. 2470 0.1137
500 10 0. 0351 0.0779 0. 2464 0.1141
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TABLE 7.11 (Continued)

AWG OR SPACI NG PCSI TI VE  SEQUENCE ZERO SE%PENCE

KCM ’gl NCHES) ( OHVS/ 1000") MS/ 1000’

* k* k k* % **** R Ik S A b b b b b b b b b R R I b I I 0 b b b 0 b b b b S 4
R X R X
750 2 0.0169 0. 0391 0.2201 0. 0844
750 3 0. 0190 0.0481 0.2188 0. 0857
750 4 0. 0209 0. 0543 0.2179 0. 0866
750 5 0.0226 0. 0590 0.2170 0. 0874
750 6 0. 0241 0.0627 0. 2164 0. 0880
750 7 0. 0254 0. 0659 0. 2158 0. 0885
750 8 0. 0266 0. 0685 0. 2153 0. 0890
750 9 0.0278 0.0708 0. 2148 0. 0894
750 10 0. 0288 0.0728 0.2144 0. 0898
1000 2 0.0134 0. 0359 0.1933 0.0673
1000 3 0. 0156 0. 0448 0.1924 0. 0690
1000 4 0.0176 0. 0509 0. 1917 0. 0698
1000 5 0.0194 0. 0555 0.1911 0.0704
1000 6 0. 0210 0. 0592 0. 1906 0.0709
1000 I 0.0225 0. 0622 0. 1902 0.0713
1000 8 0.0239 0. 0648 0. 1898 0.0717
1000 9 0. 0251 0. 0669 0. 1895 0.0720
1000 10 0. 0262 0. 0689 0. 1892 0.0724
TABLE 7. 12
35KV 3-1/C CU LC
R Ik S b b b 0 b b b b b b b

2 2 O 1641 0.0673 0. 4156 0. 1501
2 3 0. 1659 0.0763 0.4132 0. 1517
2 4 0. 1679 0. 0826 0.4113 0. 1530
2 5 0. 1689 0. 0875 0. 4098 0.1538
2 6 0.1701 0. 0913 0. 4086 0. 1546
2 7 0.1713 0. 0946 0. 4076 0. 1552
2 8 0.1723 0.0974 0. 4066 0. 1558
2 9 0.1733 0. 0998 0. 4058 0. 1563
2 10 0.1742 0. 1020 0. 4050 0. 1567
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TABLE 7.12 (Conti nued)

ANG OR SPACI NG PCSI TI VE SEQUENCE ZERO SEQUENCE

KCM ’gl NCHES) ( OHVS/ 1000") ( OHVE/ 1000 )

* * * % * % %k %k % LR R I 20 I 0 0 b 0 3 0 I b 9 b b b 4 LR b I b b S0 0 0 0 b I b 3 b I b b

R X R X

1/0 2 0.1042 0.0624 0. 3558 0. 1451
1/0 3 0. 1061 0.0715 0. 3533 0. 1468
1/0 4 0. 1076 0.0778 0. 3515 0. 1480
1/0 5 0.1091 0. 0826 0. 3501 0. 1489
1/0 6 0.1103 0. 0865 0. 3488 0. 1496
1/0 7 0.1115 0. 0897 0.3477 0. 1503
1/0 8 0.1125 0. 0925 0. 3468 0. 1509
1/0 9 0.1135 0. 0949 0. 3459 0. 1513
1/0 10 0.1144 0.0971 0. 3452 0. 1517
2/ 0 2 0. 0833 0. 0599 0. 3230 0.1313
2/0 3 0. 0852 0. 0689 0. 3208 0.1329
2/ 0 4 0. 0869 0.0752 0. 3192 0. 1341
2/ 0 5 0. 0884 0. 0800 0. 3180 0.1349
2/ 0 b 0. 0897 0. 0838 0. 3169 0. 1357
2/ 0 7 0. 0909 0. 0870 0. 3159 0.1363
2/ 0 8 0. 0920 0. 0898 0. 3151 0.1368
2/0 9 0. 0930 0. 0922 0. 3144 0.1373
2/ 0 10 0. 0940 0. 0943 0. 3137 0. 1377
3/0 2 0. 0664 0. 0571 0. 3038 0.1267
3/0 3 0. 0684 0. 0661 0. 3017 0.1283
3/0 4 0. 0700 0.0724 0. 3002 0.1294
3/0 5 0.0716 0.0772 0. 2990 0. 1303
3/0 6 0.0729 0. 0810 0. 2979 0. 1310
3/0 7 0.0741 0.0842 0. 2970 0.1316
3/0 8 0.0752 0. 0869 0. 2962 0.1322
30 9 0.0762 0. 0894 0. 2955 0.1327
3/0 10 0.0772 0. 0915 0. 2948 0.1331
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TABLE 7.12 (Conti nued)

AVWG OR SPACI NG PCSI TI VE SEQUENCE ZERO SEQUENCE

KCM ’gl NCHES) (OHVS/ 1000") (OHVS/ 1000')
* k* k k* % * % % % % kkkkhkhkkkkhkhkkhkkxhkkhkx R R I b b P 0 b b b 0 b b b b b S 4

R X R X
410 2 0. 0531 0. 0545 0.2882 0.1224
410 3 0. 0551 0. 0635 0. 2862 0. 1240
4/ 0 4 0. 0567 0. 0698 0.2848 0.1251
410 5 0. 0583 0. 0745 0.2836 0. 1259
4/ 0 6 0. 0596 0.0784 0. 2825 0. 1266
4/ 0 7 0. 0608 0. 0816 0.2816 0.1273
410 8 0. 0619 0. 0843 0. 2809 0.1278
4/ 0 9 0. 0630 0. 0867 0. 2801 0.1283
410 10 0. 0639 0.0888 0. 2795 0.1287
250 2 0. 0455 0. 0523 0.2760 0.1167
250 3 0.0474 0. 0613 0.2741 0.1183
250 4 0. 0491 0.0676 0. 2727 0.1194
250 5 0. 0507 0.0724 0. 2716 0.1202
250 6 0. 0520 0.0762 0.2706 0.1209
250 7 0. 0533 0.0794 0. 2698 0.1215
250 8 0. 0544 0. 0821 0.2691 0.1220
250 9 0. 0555 0. 0845 0. 2684 0.1225
250 10 0. 0564 0=0866 0. 2678 0.1229
300 2 0. 0383 0. 0503 0. 2641 0.1113
300 3 0. 0402 0. 0593 0. 2623 0.1127
300 4 0. 0419 0. 0655 0. 2609 0.1138
300 5 0. 0435 0.0703 0. 2599 0.1147
300 6 0. 0448 0.0741 0. 2590 0.1154
300 7 0. 0461 0.0773 0. 2582 0. 1159
300 8 0. 0473 0. 0800 0. 2575 0. 1165
300 9 0. 0483 0.0824 0. 2569 0.1169
300 10 0. 0493 0. 0845 0. 2563 0.1173
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TABLE 7.12 (Conti nued)

AWG OR SPACING PCSITIVE SECUENCE ZERO SEQUENCE

KCM ( ) ( 0) ( OHVS/ 10007 )
* %k %k %k %% * % * %X % *********** R 0 I 200 P 0 0 b 0 I 0 b 0 b 4

R X R X
350 2 0. 0331 0. 0479 0. 2529 0. 1045
350 3 0. 0351 0. 0569 0. 2512 0. 1060
350 4 0. 0368 0.0631 0. 2500 0. 1070
350 5 0. 0384 0. 0678 0. 2490 0.1078
350 6 0. 0398 0. 0716 0. 2481 0. 1085
350 7 0. 0411 0. 0748 0.2474 0.1091
350 8 0. 0423 0. 0775 0. 2467 0. 1095
350 9 0. 0433 0.0798 0. 2462 0.1100
350 10 0. 0443 0. 0819 0. 2456 0.1104
400 2 0. 0293 0. 0464 0. 2364 0. 0940
400 3 0.0312 0. 0554 0. 2351 0. 0953
400 4 0.0332 0. 0616 0. 2340 0. 0962
400 5 0. 0349 0. 0662 0.2331 0. 0970
400 6 0. 0364 0. 0700 0.2324 0. 0977
400 7 0. 0377 0.0731 0.2318 0. 0982
400 8 0. 0390 0. 0758 0.2313 0. 0987
400 9 0. 0401 0.0781 0.2308 0. 0991
400 10 0. 0411 0. 0801 0. 2303 0. 0994
500 2 0. 0239 0. 0436 0.2231 0. 0867
500 3 0. 0259 0. 0526 0.2219 0. 0879
500 4 0. 0279 0. 0587 0.2210 0. 0888
500 5 0. 0295 0. 0634 0. 2207 0. 0895
500 6 0. 0311 0. 0672 0.2196 0. 0902
500 7 0. 0324 0.0703 0.2190 0. 0906
500 8 0. 0337 0. 0729 0.2185 0. 0911
500 9 0. 0348 0. 0752 0.2181 0. 0915
500 10 0. 0359 0.0772 0.2177 0. 0918
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AWG OR
KCM

* k k k%

750
750
750

750
750
750

750
750
750

1000
1000
1000

1000
1000
1000

1000
1000
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SPACI NG
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NCHES)

* % %
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TABLE 7.12 (Conti nued)

PCSI TI VE SEQUENCE
(GHVE/ 100" )
* % * *x * * % * %

R

[N e [e)ele) elele]

TABLE 7.13
oKV 3-1/C CU V

OoOo OO0 ooo

. 0167
. 0189
. 0209

0227
0244

. 0259

. 0273
. 0285
. 0297

. 0155
. 0176
. 0195

. 0213
. 0229
. 0244

. 0257
. 0269

X

OO OO OO O

o O OO O OO O

kkkkkkhkkkhkkkhkkk*k

0.
.4119
. 4128

OCo OO0 OO0

4108

4135

.4141
. 4146

4151

. 4155

. 4159
. 4162

SO0 0000 Oooco

. 0391
. 0480
. 0542

. 0588
. 0624
. 0655

. 0680
. 0702
.0721

. 0448
. 0508
. 0553

. 0589
. 0618
. 0642

. 0663
. 0682

. 0611
. 0769
. 0862

0927

. 0978
. 1019
. 1055
. 1085

.1112

1135
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*
R

OO0 OO OoO

00O ©Ooco ooo

OO0 OO0 O0O0O

ZERO SEQUENCE
( OHVE/ 1000")

* * * * % *x *

. 1923
. 1915
. 1909

. 1903
. 1898
. 1894

. 1891

1888

. 1885

. 1689
. 1684
. 1680

1677
. 1674

1671

. 1667
. 1667

. 7733
. 71548

7438
7361

. 7300

7251

. 7209
. 7173

7141

L7112

X

000 OO0 O0OO

OO0 OO0 o©oo

OO0 OO O0o0Oo

. 0694
.0704
. 0712

. 0717
.0723

0726

. 0730
. 0734
. 0737

. 0583
. 0589

0594

. 0598
. 0601
. 0605

. 0608
. 0610

. 5042
. 4958
. 4905
. 4865

4832

. 4805
L4781
. 4761

L4742
. 4725



AWG OR
KCM

*kkkk*x

[NSEASNASN ) S~ S SO S N S S N

NN

NN \S)

1/0
1/0
1/0

[ e gy
Lol el gl g
co oocoo

[EENEEN
—_—

SPACI NG
(I NCHES)

Kkkkk*k*x

=~ oo —

oo 4o ol

~ooro—

oo 41O Ul

B oo PO —

o o) ot

TABLE 7.13 (Conti nued)

PCSI TI VE  SEQUENCE

(OH

VS/ 1000')

kkkhkkkhkkkkhkkkhkkhkFxhkkx*k

R

00 oO0o0Oo C0o0oo o0 oOo0o0Oo SOooo

O OO0 ocooo

. 2598
. 2609
. 2619

2626

. 2633
. 2638

2643

. 2648

. 2652
. 2656

1626

. 1638
. 1647

1655
1662

. 1668
. 1673
. 1678

1683

. 1687

. 1027
. 1039
. 1049
. 1057

1065

. 1071
. 1077
. 1082

. 1087
. 1091

X

00O oPoco Co0oo OO O0o0O COoo0O

o0 OCo00 oo0o

. 0558

0717

. 0809
. 0875

. 0926
. 0967
.1001
. 1032

. 1059
. 1082

. 0515
. 0674
. 0766

0832

. 0882
. 0923
. 0959
. 0988

. 1015
. 1039

. 0466

0625

.0718
. 0783

0834

. 0874
. 0909
. 0939

. 0965
. 0989
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kkkkkkkk*k

0O OO ©00o0Oo

ZERO S

(

. 6283
. 6103
. 5997

5921

. 5862

5814

. 9773

5737

. 5706
. 5678

. 5341
. 5169
. 5067
. 4994

. 4937

4891

. 4851
. 4816

. 4786
. 4759

L4744
. 4585
. 4490
4421

. 4367
. 4323

4286

. 4253

. 4224
. 4198

o

* =
*>O
*O
*+ O
*\/

>=<

OO [eoleleNe) OO0 o0

OO OCo0o0O oooo

00O O0o0O O00O

ENCE

*kkkk*

. 4678
. 4615
. 4573
. 4542

. 4516
. 4495
. 4476
. 4459

. 4444
. 4430

. 4337
. 4293
. 4262
. 4230

4219

. 4202
. 4188
. 4175

. 4163
. 4152

. 3924
. 3899
. 3881

3866

. 3853
. 3842

3833

. 3824

. 3816
. 3808



AWG OR
KCM

* k k k%

210
210
2/ 0

210
210
210

210
210
210

30
3/0
3/0

30
30
3/0

3/0
3/o
3/0

4/ 0
4/ 0
4/ 0

4/ 0
4/ 0
4/ 0

4/ 0
4/ 0
4/ 0

SPACING

| NCH
ig ***

O o oo — o Ol N oo O O oo — o U1 ~ oo N

~N oo S~ ocoro

O © oo

POSI TI VE SE
OHVS/ 10

kkkkhkk*k*%x

**‘k&

R

OO O QOO [eleole] oOoo oo o oo

OO O OO o OSoo

TABLE 7. 13 (Conti nued)

A

. 0829
. 0839
. 0848

. 0855
. 0862
. 0867

. 0873
. 0878
. 0883

. 0664
. 0677
. 0688

. 0698
. 0706
. 0714

.0721
. 0727
. 0733

. 0530
. 0544
. 0555

. 0566
. 0574
. 0582

. 0590
. 0596
. 0602

X

OO ©0O0O oOo0Oo oo Ooo oSOoo

coo Ooo oOoo

)(*"k"k

. 0600
. 0693

0758

. 0809
. 0849

0884

. 0914
. 0941
. 0964

. 0572
. 0663
. 0728

0778

. 0819
. 0853

. 0882
. 0908
. 0931

. 0545
. 0637

0702

. 0752
. 0792

0826

. 0855
. 0881
. 0904
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oo o [eolele] OO o

ZERO SEQUENCE
( OHVS/ 1000 )

. 4369

4277

L4211

. 4159
. 4116
. 4080

. 4048
. 4153
. 3995

. 4043
. 3976
. 3927

. 3887
. 3855
. 3827

. 3803
. 3782
. 3762

. 3839
L3777
. 3732

. 3696
. 3666
. 3641

. 3619

3598

. 3580

X

(oo )] (ool OO

OO0 ooco ooo

O00o ooo ooo

*kkkkk Kk Kk kkkhk kK x

. 3701

3688

. 3677

. 3668
. 3659

3651

. 3644
. 3638
. 3633

. 2754
. 2762
. 2767

. 2770
L2773
L2774

L2775
L2776
L2777

. 2543
. 2555
. 2562

. 2567
. 2571
. 2574

. 2576

2578

. 2580



TABLE 7.13 (Conti nued)

AWG OR SPACI NG PCSI TI VE SEQUENCE ZERO SEQUENCE

KCM ,gINCHES) ( OHVBS/ 1000 (OHVS/ 1000')
* % % % % * k k k% ¥k khkhkkhkkkkhkhk ki Kxkx*k R b I A b P b b b 0 I b b b b b 4

R X R X
250 2 0. 0454 0. 0524 0. 3661 0. 2304
250 3 0. 0468 0. 0616 0. 3606 0.2318
250 4 0. 0480 0. 0680 0. 3566 0. 2327
250 5 0. 0491 0. 0730 0. 3534 0.2334
250 6 0. 0500 0. 0770 0. 3507 0. 2340
250 7 0. 0508 0. 0804 0. 3484 0.2344
250 8 0. 0516 0. 0833 0. 3464 0.2348
250 9 0. 0523 0. 0859 0. 3446 0. 2351
250 10 0. 0529 0. 0882 0. 3430 0. 2353
300 2 0. 0382 0. 0504 0. 3512 0.2142
300 3 0. 0396 0. 0595 0. 3462 0. 2157
300 4 0. 0408 0. 0659 0. 3425 0.2168
300 5 0. 0419 0.0709 0. 3395 0.2175
300 6 0. 0429 0.0749 0.3371 0.2182
300 7 0. 0437 0.0783 0. 3350 0.2187
300 8 9. 0445 0.0812 0. 3331 0.2191
300 9 0. 0452 0. 0837 0. 3315 0.2194
300 10 0. 0459 0. 0860 0. 3300 0.2198
350 2 0. 0330 0. 0479 0. 3400 0.2017
350 3 0. 0344 0. 0570 0. 3353 0.2034
350 4 0. 0357 0. 0635 0. 3318 0. 2044
350 5 0. 0368 0. 0684 0. 3291 0. 2053
350 6 0. 0377 0. 0724 0. 3268 0. 2059
350 7 0. 0387 0. 0758 0. 3248 0. 2065
350 8 0. 0394 0. 0787 0. 3230 0. 2065
350 9 0. 0402 0. 0812 0. 3215 0.2073
350 10 0. 0409 0. 0835 0. 3201 0.2077
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TABLE 7.13 (Continued)

AVWG OR SPACI NG POSI TI VE  SEQUENCE ZERO SEQUENCE
(I NCHES) (G—II\/B/ 1000") ( OHVS/ 10007 )
k%M kk k% *kkkk k% PR 3 I 00 P 0 I 0 0 I 0 PR 0 I 2 I P 0 0 b 00 I 36 b 0 b 0 4
R X R X
400 2 0.0291 0. 0465 0. 3274 0.1871
400 3 0. 0306 0. 0556 0. 3232 0. 1888
400 4 0. 0319 0. 0620 0. 3201 0. 1900
400 5 0. 0330 0. 0669 0.3176 0. 1909
400 6 0. 0340 0.0710 0. 3155 0. 1916
400 7 0. 0349 0.0743 0. 3136 0.1922
400 8 0. 0358 0.0772 0.3120 0. 1927
400 9 0. 0366 0.0798 0.3125 0.1931
400 10 0.0373 0.0820 0.3114 0. 1935
500 2 0.0241 0. 0436 0.2777 0.1284
500 3 0. 0259 0. 0527 0. 2752 0.1302
500 4 0. 0275 0. 0590 0.2733 0. 1313
500 5 0.0289 0. 0638 0.2718 0. 1323
500 6 0. 0301 0.0677 0.2705 0. 1330
500 7 0. 0312 0. 0709 0.2694 0. 1337
500 8 0. 0323 0.0737 0. 2685 0.1342
500 9 0. 0333 0.0762 0. 2676 0. 1347
500 10 0.0341 0.0784 0. 2668 0.1351
750 2 0. 0169 0. 0391 0. 2475 0. 1050
750 3 0. 0187 0. 0482 0. 2456 0. 1065
750 4 0. 0204 0. 0545 0.2442 0. 1076
750 5 0. 0219 0. 0593 0. 2430 0. 1085
750 6 0.0232 0. 0631 0. 2420 0. 1092
750 7 0. 0244 0. 0663 0. 2412 0. 1098
750 8 0. 0255 0. 0691 0. 2405 0.1103
750 9 0. 0265 0.0715 0. 2398 0.1108
750 10 0. 0275 0.0736 0. 2392 0.1112
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TABLE 7.13 (Continued)

AWG OR SPACI NG POSI TI VE  SEQUENCE ZERO SEQUENCE
KCM iIhCHES) ( ’) ( OHVS/ 1000")
* % % % % * % % % % R Ik S b b b 0 I 0 b b b o b b Ak kkkkkkk kA kkkk kK & Kk *
R X R X
1000 2 0.0133 0. 0359 0. 2282 0. 0909
1000 3 0. 0151 0. 0449 0. 2267 0. 0923
1000 4 0.0168 0. 0512 0. 2255 0.0934
1000 5 0.0184 0. 0560 0. 2246 0. 0941
1000 6 0.0198 0. 0598 0. 2238 0. 0948
1000 7 0. 0210 0. 0630 0.2231 0. 0954
1000 8 0.0222 0. 0657 0. 2225 0. 0959
1000 9 0. 0232 0. 0680 0. 2219 0. 0963
1000 10 0.0242 0.0701 0. 2214 0. 0967
TABLE 7. 14

5KV 3-1/C CU VC

khkkkkhkhkkhkkhkkhkkk*k

6 1 0.4106 0.0611 0.7816 0.3942
6 2 0.4118 0.0769 0.7661 0.3923
b 3 0.4129 0. 0862 0. 7569 0. 3909
6 4 0.4137 0. 0548 0. 7502 0. 3897
6 5 0.4144 0. 0409 0. 7449 0. 3887
6 6 0.4151 0.1019 0. 7406 0.3877
6 I 0.4157 0.1053 0. 7369 0. 3869
6 8 0.4162 0.1083 0. 7337 0. 3862
6 9 0.4167 0.1109 0. 7309 0. 3855
6 10 0.4172 0.1133 0.7284 0. 3848
4 1 0. 2598 0. 0558 0.6117 0.2919
4 2 0.2613 0.0716 0. 6005 0.2935
4 3 0. 2626 0. 0808 0. 5937 0.2943
4 4 0.2637 0.0873 0. 5887 0.2948
4 5 0. 2647 0.0923 0. 5847 0. 2950
4 b 0. 2655 0. 0963 0. 5815 0.2952
4 7 0.2662 0. 0997 0. 5787 0. 2954
4 8 0. 2669 0.1038 0.5762 0. 2955
4 9 0.2676 0.1053 0. 5740 0. 2955
4 10 0.2682 0. 1076 0.5720 0. 2955
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TABLE 7. 14 (Conti nued)

PCSI TI VE  SEQUENCE

R

00O O0O00O Oooo

o000 900 Coo

(OHVE/ 1000° )
kkkhkkkkkkhkkkhkkhxkFxkx*k
X

. 1625 0. 0515
. 1641 0.0673
. 1654 0.0765
1666 0. 0830
. 1675 0. 0880
. 1684 0.0920
. 1692 0.0954
. 1699 0. 0984
. 1706 0. 1009
L1712 0.1032
. 1041 0. 0625
. 1055 0.0716
1067 0.0781
. 1077 0.0830
1087 0.0871
. 1095 0. 0905
. 1103 0.0934
. 1110 0. 0959
. 1116 0. 0983
. 0825 0. 0600
. 0845 0.0691
. 0857 0. 0756
. 0867 0. 0805
. 0877 0. 0845
. 0886 0. 0880
. 0894 0. 0909
. 0901 0.0934
. 0907 0. 0957

QOO [e)ele] Yol
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coo ooo ooo

. 5063
. 4961
. 4898
. 4852

. 4816

4786

. 4760

4737

L4717
. 4697

. 4258
. 4203
. 4162

. 4130
. 4103
. 4080

. 4059

4041

. 4025

. 3984
. 3932
. 3894

3864

. 3839
. 3817

. 3798
. 3781
. 3766

o000 oO0oo ooo 00O 0000 oooOo

OO0 OCo0oO o0oo

. 2679
. 2701

2712

. 2719
. 2723

2727

. 2730

2732

. 2734
. 2735

. 2424
. 2438
. 2447

. 2454
. 2459
. 2463

. 2467

2469

. 2472

. 2279
. 2294
. 2304

2312

. 2318
. 2323

. 2326
. 2330
. 2333



AWG OR
KCM

*kk k%

310
3/0
310

3/0
3/0
3/0

3/0
3/0
3/0

4/ 0
4/ 0
4/ 0

4/ 0
4/ 0
4/ 0

4/ 0
4/ 0
4/ 0

250
250
250

250
250
250

250
250
250
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TABLE 7. 14 (Conti nued)

PCSI TI VE  SEQUENCE

R

coo 9o oOoco

(OHVE/ 1000')
kkkhkkkhkkkkhkkkhkkhkFxkkx*k
X
. 0662 0.0572
. 0676 0.0474
. 0688 0. 0727
. 0699 0.0777
. 0709 0.0817
. 0718 0. 0851
0726 0. 0880
. 0733 0. 0905
. 0740 0.0928
. 0528 0. 0545
. 0543 0. 0637
0555 0.0701
. 0567 0.0751
. 0577 0.0791
0586 0. 0824
. 0594 0. 0853
. 0602 0.0878
. 0609 0.0901
. 0451 0. 0524
. 0466 0. 0616
. 0480 0. 0680
. 0491 0.0729
. 0501 0.0769
. 0511 0. 0802
. 0520 0.0831
. 0528 0. 0856
. 0535 0.0879

QOO OO O OO O
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ZERO SEQUENCE

( OHVB/ 1000

)

kkkkkhkkhkkkhkkkhkkhkkrkFhkkhkx*k

R

[eole)e] OO QOO

OO0 OO0 ooOo

coo oo Coo

. 3750

3702

. 3667

3639

. 3615
. 3595

3577

. 3562
. 3547

. 3518
. 3475
. 3444

. 3419
. 3397
. 3379

. 3363
. 3348
. 3336

. 3338
. 3300

3272

. 3249
. 3230
. 3214

. 3199
. 3187
. 3175

X

[eoYeXe) oo [eoleXe)

OO0 00O 00O

o000 ooo oo%o

. 2140
. 2156

2167

. 2175
. 2181

2187

. 2191
. 2195
. 2199

. 1962

1979

1991
. 1999

2006

. 2012

. 2017
. 2022
. 2026

1799
. 1817
. 1829

. 1838
. 1846
. 1852

. 1858
. 1862
. 1866



300
300
300

300
300
300

300
300
300

350
350
350

350
350
350

350
350
350

400
400
400

400
400
400

400
400
400

-~ O O S oo

O © oo

—~N o o s O o oo ~N o o S~ oo

O o oo

TABLE 7.14 (Conti nued)

POSI Tl VE  SEQUENCE

* *

R

[ele)e] OOOoO OO O

oOOooOo OO O [ofele)

o0 ooo 00O

. 0383
. 0401
. 0417

. 0431
. 0433
. 0455

. 0465
. 0474
. 0484

. 0331
. 0349

0365

. 0380
. 0392
. 0404

. 0414
. 0424
. 0433

. 0293
. 0311
. 0327

. 0342
. 0355
. 0366

. 0377
. 0387
. 0397

X

CoO Ooco ooo 000 ooOo o9o

000 00O ooo

(OHVE/ 1000 )

* k kK k k k ¥k % %

. 0503

0594

. 0657

. 0705
. 0744
L0777

0804

. 0829
. 0850

. 0479
. 0569
. 0632

. 0672
. 0719

0751
0779

. 0804
. 0825

. 0464
. 0555
. 0618

0666

. 0705
. 0737

0764

. 0788
. 0809

60

oo [ lole) OO

CoO O0O oOo0Oo

coco ooo ooo

ZERO SEQUENCE

. (O

VS/ 1000’ )

***********

. 2909

2884

. 2866

2851

. 2838
. 2827

. 2817
. 2809
. 2801

. 2794
L2771
. 2753

2740

. 2728
. 2718

. 2709
2701
. 2694

. 2690
. 2669
. 2653

. 2640
. 2629
. 2620

. 2612
. 2604
. 2597

X

oo oo (ool

o000 Ooo0o ooo

OO OO 000

. 1342
. 1359
1371

. 1380
. 1388
. 1394

. 1400

. 1405
. 1409

. 1263

1279

1291

. 1300
. 1308
. 1314

. 1319
. 1324
. 1329

1194

. 1209
1221

. 1230
. 1237

1243
1249

. 1254
. 1258



TABLE 7. 14 (Conti nued)

AVG OR SPACI NG POSI TI VE  SEQUENCE ZERO SEQUENCE

KCM £IN04ES) ( OHVS/ 1000') ( OHVS/ 100 )
* % % % * % % % * k% k k% k¥ k% k¥ % % ¥ "% % % * % % %k % % % % % * % %

R X R X
500 2 0.0238 0. 0437 0. 2533 0. 1086
500 3 0. 0257 0. 0527 0. 2515 0.1102
500 4 0.0273 0. 0590 0. 2501 0.1112
500 5 0. 0288 0. 0637 0. 2489 0.1121
500 6 0. 0302 0. 0676 0. 2480 0.1128
500 7 0.0314 0.0708 0.2471 0.1134
500 8 0. 0325 0.0735 0. 2464 0.1139
500 9 0. 0335 0.0759 0. 2458 0.1144
500 10 0. 0345 0.0780 0. 2452 0.1148
750 2 0. 0166 0. 0392 0. 2265 0. 0909
750 3 0.0185 0. 0482 0. 2251 0. 0923
750 4 0. 0202 0. 0544 0. 2240 0. 0933
750 5 0. 0217 0. 0592 0.2231 0. 0941
750 6 0. 0232 0. 0630 0. 2224 0. 0947
750 7 0. 0244 0. 0662 0. 2217 0. 0952
750 8 0. 0256 0. 0689 0.2212 0. 0957
750 9 0. 0267 0.0712 0. 2206 0. 0961
750 10 0. 0277 0.0733 0.2201 0. 0965
1000 2 0.0132 0. 0359 0. 1845 0. 0644
1000 3 0. 0154 0. 0448 0. 1837 0. 0654
1000 4 0.0174 0. 0509 0.1831 0. 0661
1000 5 0. 0192 0. 0555 0. 1826 0. 0667
1000 6 0. 0209 0. 0592 0.1822 0.0672
1000 7 0. 0224 0. 0622 0.1818 0.0676
1000 8 0.0238 0. 0647 0.1815 0. 0679
1000 9 0. 0251 0. 0669 0.1812 0. 0682
1000 10 0.0262 0. 0694 0. 1809 0. 0685
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* k k k%
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SPACI NG
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oKV
*

*

NCHES)
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TABLE 7. 15
1/ C CU RUBBER OR XLPE

PCSI TI VE  SEQUENCE

OO0 OO0 Oooo

OO0 oooco Oooco

OO0 oQPoco SQooo

(OHVE/ 1000" )
* * % % * *

* % *

. 4108
.4119
. 4128

4135

L4141
. 4147
. 4152
. 4156

. 4161
. 4164

. 2598
. 2609
. 2619

2626

. 2634
. 2639

2644

. 2649

. 2654
. 2658

. 1626
. 1637
. 1648
. 1655

. 1663
. 1669
. 1675
. 1680

. 1684
. 1689

X

OO0 o000 Soo0Oo

. 0611

0769

. 0862
. 0927

. 0978
. 1019
. 1054
. 1084

.1111
. 1135

. 0558
. 0717
. 0809

0874

. 0925
. 0966
. 1001
. 1031

. 1058
. 1081

. 0515

0674

. 0766

0831

. 0882
. 0923
. 0958
. 0988

. 1015
. 1038

62

[®Ne] OO OO OO OO

OO0 OO oooOo

OO0 Ooo0oOo oooco

ZERO SECUENCE
. {OHVB/ 1000° )
* % % *¥ * ¥ * % %
X

. 1776 0.4831
. 71594 0.4762
. 1487 0.4716
. 7411 0. 4683
. 7351 0. 4655
. 71302 0.4631
. 7261 0.4611
7225 0.4612
. 7194 0. 4577
. 7166 0. 4562
. 6309 0.4428
. 6137 0. 4380
6034 0.4348
. 5960 0. 4323
. 5903 0.4303
5856 0. 4286
. 5816 0.4270
5781 0. 4256
. 9751 0.4244
. 5723 0.4233
. 5346 0. 4065
. 5184 0.4035
. 5086 0.4014
. 5016 0.3997
. 4962 0.3983
. 4917 0.3970
. 4879 0. 3959
. 4845 0.3949
. 4816 0. 3940
. 4790 0.3932



TABLE 7.15 (Conti nued)

AVG OR SPACI NG PCSI TI VE SEQUENCE ZERO SEQUENCE
KCM il NCHES) ( OHVS/ 1000) (OHVS/ 1000')
* % % % % ***** -k-k******-k*-k*-k * % %% R b I A b P 0 b b b 0 I b b b b b 4
R X R X
1/0 1 0. 1027 0. 0466 0. 4576 0. 2905
1/0 2 0.1043 0. 0625 0. 4460 0. 2920
1/0 3 0. 1055 0.0716 0. 4389 0. 2926
1/0 4 0. 1066 0.0781 0. 4337 0. 2930
1/0 5 0.1076 0.0831 0. 4297 0. 2932
1/0 6 0.1084 0.0872 0. 4263 0. 2933
1/0 7 0.1092 0. 0906 0.4234 0. 2934
1/0 8 0.1098 0. 0936 0.4209 0. 2934
1/0 9 0.1105 0. 0962 0.4186 0. 2934
1/0 10 0.1111 0. 0985 0.4166 0.2934
2/0 1 0. 0817 0. 0442 0. 4302 0. 2715
2/0 2 0. 0832 0. 0600 0.4194 0.2734
2/0 3 0. 0845 0. 0691 0.4128 0.2743
2/ 0 4 0. 0857 0. 0756 0. 4080 0.2748
2/0 5 3. 0866 0. 0806 0.4042 0. 2752
2/ 0 6 0. 0875 0. 0847 0.4010 0. 2755
2/ 0 7 0. 0883 0. 0881 0. 3983 0. 2757
2/0 8 0. 0890 0. 0910 0. 3959 0. 2759
2/ 0 9 0. 0896 0. 0936 0. 3938 0. 2760
2/ 0 10 0. 0902 0. 0959 0. 3919 0.2761
3/0 2 0. 0663 0. 0572 0. 3963 0. 2549
3/0 3 0. 0676 0. 0663 0. 3902 0. 2561
3/0 4 0. 0688 0.0728 0. 3857 0. 2569
3/0 5 0. 0698 0.0778 0. 3822 0.2574
3/0 6 0. 0707 0.0818 0. 3792 0. 2578
3/0 7 0.0715 0. 0852 0. 3767 0. 2581
3/0 8 0.0723 0.0881 0. 3745 0. 2584
3/0 9 0. 0729 0. 0907 0. 3725 0. 2586
3/0 10 0.0735 0. 0930 0. 3707 0. 2587
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AWG OR
KC M

*k k k%

4/ 0
4/ 0
4/ 0

4/ 0
4/ 0
4/ 0

4/ 0
4/ 0
4/ 0

250
250
250

250
250
250

250
250
250

300
300
300

300
300
300

300
300
300

SPACI NG
(I NCHES)

* k% k% %
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~N o ol
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—~N o Ol

TABLE 7.15 (Conti nued)

PCSI TI VE  SEQUENCE

( OHVB/ 10007 )
* * ¥ % * k¥ % *x x 'k % %
X
0. 0530 0. 0545
0. 0544 0. 0637
0. 0556 0.0701
0. 0566 0.0751
0. 0576 0.0791
0. 0584 0. 0826
0. 0591 0. 0855
0. 0598 0. 0880
0. 0605 0. 0903
0. 0454 0. 0524
0. 0468 0.0616
0. 0480 0. 0680
0. 0491 0. 0730
0. 0501 0. 0769
0. 0509 0. 0804
0.0517 0. 0833
0. 0524 0. 0858
0. 0531 0. 0881
0. 0381 0. 0504
0. 0395 0. 0595
0. 0408 0. 0659
0. 0419 0. 0709
0. 0429 0.0749
0. 0438 0.0783
0. 0446 0. 0812
0. 0454 0. 0837
0. 0461 0. 0859
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(k(]-ﬂ\/S/lOOO
* * * * * *

R

[olele) (oo Y] OO0 [oleole) olele] OO oOo

coo ooo ooo

ZERO SEQUENCE

. 3752
. 3696
. 3655

. 3623
. 3596
. 3573

. 3552
. 3534
. 3517

. 3560
. 3511
. 3475

. 3447
. 3423
. 3402

. 3384
. 3368
. 3353

. 3425
. 3379
. 3346

. 3319
. 3297
. 3277

. 3260
. 3245

3231

)

"% *x *

X

oOOO oOOoOo [elele)

oo oo SOoo

O0O0O OO 000

. 2354
. 2368

2377

. 2384
. 2389

2393

. 2397
. 2399
. 2402

. 2122
. 2138
. 2149

. 2157
. 2163
. 2169

. 2173
L2177
. 2180

. 2001
. 2018

2029

. 2037
. 2044
. 2050

. 2055
. 2059
. 2062



AVWG OR
KCM

* k k k%

350
350
350

350
350
350

350
350
350

400
400
400

400
400
400

400
400
400

500
500
500

500
500
500

500
500
500
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TABLE 7.15 (Conti nued)

POSI TI VE SEQUENCE
((OHVE/ 1000

000 00O ooo coo SOoco 9Ooo

OCo0O Ooo Soo

* %%

. 0333
. 0351

0366

. 0380
. 0392

0403

. 0413
. 0422
. 0431

. 0294
. 0312
. 0328

. 0342

0354

. 0366

0376

. 0385
. 0394

. 0240
. 0258

0274

. 0289
. 0301

0313
0324

. 0334
. 0343

X

()Xo Xe] OO0 o OO

oo OO0 000

oo oo Qoo

)

kkkkkkkkhkKkhxk*%x

. 0479

. 0569

. 0633

. 0681
. 0720
0752

. 0780
. 0805

. 0827

. 0464
. 0555

. 0618

. 0666
. 0705

. 0738

. 0766
. 0790

. 0812

. 0436
. 0527

. 0590

. 0638
. 0676
0709

. 0737

. 0761

0782

65

OO O OO OO0

o O OO OO0 O

oocOo Oo0o ooo

. 2969
. 2940
. 2919

. 2902
. 2888
. 2876

. 2865
. 2855
. 2846

2861

. 2835

2816

. 2800

2787
2775

. 2765
. 2756
. 2748

. 2707
. 2670
. 2652

. 2639
. 2627
. 2617

. 2609
. 2601
. 2593

ooo ooo 9200° ooo o000 o920

ooo ooo oS0



AVG OR

* % x % %

750
750
750

750
750
750

750
750
753

1000
1000
1000

1000
1000
1000

1000
1000
1000

S NG N

N~ NS S S

S
{

I
*

PACI NG
S

NCHE

****)

O © oo ~N o o S~ N

~ oo

~N o U1

SKV

*kkkkkkk*k

~ oo

oo o Ol

(OHVE/ 1000° )

* k% *kkkkkhkkFxh*k k%
R X

0. 0167 0.0391

0. 0186 0. 0482
0. 0203 0. 0545
0. 0218 0. 0592
0. 0231 0.0631
0. 0244 0. 0663
0. 0255 0. 0690
0. 0266 0. 0714
0. 0275 0. 0735
0.0134 0. 0359
0. 0156 0. 0448
0. 0176 0. 0509
0. 0194 0. 0555
0.0210 0. 0592

0. 0225 0. 0622

0.0239 0. 0648

0.0251 0. 0669

0.0262 0. 0689

TABLE 7. 16

o0 O0oo Sooo

TABLE 7.15 (Conti nued)
PCSI TI VE  SEQUENCE

. 2595

2611

. 2625

2637

. 2648
. 2658

2666
2674

. 2682
. 2689

-1/ C CU RUBBER CR XLPE

kkkhkkkkhkkkhkkkhkkhkhkkkkk*k

. 0558
. 0716
. 0808
0872

. 0922
. 0962
0995
1024

. 1050
. 1073

cO OO Scooo
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[N e) QOO OO [elelo)el

Ooo ©Ooo o000

000 o090 ooo

ZERO SEQUENCE
, (OHVB/ 1000

*kkkkk k%

. 2403
. 2386
. 2373

. 2362
. 2353

2345

. 2339
. 2333
. 2327

. 1933
. 1924
. 1917

. 1911

1906

. 1902
. 1898

1895

. 1892

. 5783
. 5705
. 5657
. 5622

. 5593
. 5569
. 5549
. 5531

. 5515
. 5501

X

CoO 00O 00O

o000 Oooo oOo0o

OO oco0Oo o000

’2****

. 1000
. 1015
. 1025

. 1034
. 1041

1046

. 1051
. 1056
. 1060

. 0679
. 0690
. 0698

. 0704

0709

. 0713

L0717
. 0720
.0724

. 2266
. 2294
. 2310
2321

. 2330

2336

. 2341
. 2346

. 2349
. 2353



AWG OR
KCM

* k k k%
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TABLE 7.16 (Continued)

PCS| TI VE SEQUENCE
( OHVE/ 1000" )
* * * * * *

R

[elele] OO0 oOooo

00 ©0O00O O0O0O

. 1623
. 1638
. 1653
. 1666

. 1677
. 1687
. 1696

17° 05

L1712
. 1719

1039

. 1054
. 0859

. 1079
. 1089

1098

. 1107
. 1115
. 1123

. 0832
. 0850
. 0866

. 0880
. 0892
. 0904

. 0914
. 0924
. 0933

X

OO O0O0OoO OCooo

OO O OO [elele)

oO0OOo oO0Oo oo

. 0516
. 0673
. 0765
. 0829

. 0879
. 0919
. 0952
. 0981

. 1006
. 1029

. 0625
. 0716
. 0780

. 0830
. 0869
. 0903

. 0931

. 0957
. 0975

. 0599

. 0690

. 0753

0801
. 0840
. 0873

0901

. 0925
. 0946

67

O *

coo ocoo ooo

ZERO SEQUENCE
(OHVS/ 1000')
* * * * * * *

. 4681
. 4614
. 4572
. 4541

. 4516
. 4495
L4477

4461

. 4447
. 4434

. 3910
. 3872
. 3844

3822
3804

. 3787

. 3773
. 3761
. 3749

. 3347
. 3323
. 3305

3290

. 3277
. 3266

. 3257
. 3248
. 3241

X

OO O OO [elele)

OO OO0 Ooo

0O 0000 0o0oO

. 2040
. 2069
. 2087
. 2098

2107

. 2115
. 2120
. 2126

. 2130
. 2134

. 1880
. 1897
. 1909

. 1919
. 1927
. 1933

. 1938
. 1943
. 1947

. 1429
. 1445
. 1458

. 1467
. 1474
. 1481

. 1486
. 1491
. 1496



AWG OR

*kkkk*x

30
3/0
310

3/0
30
310

3/0
3/0
310

4/ 0
4/ 0
4/ 0

4/ 0
4/ 0
410

4/ 0
4/ 0
4/ 0

250
250
250

250
250
250

250
250
250

300
300
300

300
300
300

SPACI NG
(1 NCHES)

Kkhkkkkk*x

—~N o o S~ oo
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~N o o
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TABLE 7.16 (Continued)

POSI TI VE SEQUENCE
( OHVS/ 1000’

kkkhkkkhkkkkhkkkhkkhkFxhkx*k

R

oo Qoo

oo 9Ooco ooo 000 o000 ooo

000 oo ooo

. 0662
. 0680
. 0697

0711

.0724
. 0736

. 0746

0756

. 0765

. 0529
. 0548

0564

. 0579
. 0591

0604

. 0614
. 0624
. 0634

. 0453
. 0471
. 0488

. 0502
. 0516
. 0528

. 0539

0549

. 0559

. 0380
. 0398
. 0416

. 0430
. 0444
. 0456

X

QOO OO O OO O

oo OO o

Soo oOoo oSOoo

00O ooOo oo0oo

)

. 0571
. 0662
. 0725

. 6773
. 0812
. 0844

. 0872
. 0896
. 0917

. 0545
. 0636

0698

.0747
. 0785

0817

. 0845
. 0869
. 0890

0524

. 0614
. 0677

. 0725
. 0763
. 0795

0823

. 0847
. 0868

. 0503
. 0594
. 0656

. 0704
. 0742
L0774

68

R

c0oOo Ooo0O0 ooo o000 ocoo O0Oo

o000 ocoo ooo

ooo ocoo

ZERO SECUENCE

. 3115
. 3092

3075
3061

. 3049
. 3040

. 3031
. 3023
. 3016

. 2904
. 2884
. 2868

2855

. 2845
. 2836

. 2828
. 2820

2814

L2771
. 2751

2737

. 2725
. 2716
. 2707

. 2699
. 2693
. 2687

. 2627
. 2610
. 2597

2586
2576

. 2569

(OH/ 10

*kkk*k

X

SO Oo OO O (ol e)e]

OO OO O

oo OO Ooo

o000 ooo ooo

kkkkkkhkkkhkk*x

. 1346
. 1362

1374

. 1383
. 1390
. 1397

. 1402
. 1407
. 1411

. 1256
. 1272
. 1283

. 1292

1301

. 1305

. 1311
. 1316
. 1320

1191
. 1206
. 1217

. 1226
. 1233
. 1239

. 1244
. 1249
. 1253

. 1119
. 1134
. 1144

. 1152
. 1159
. 1165



TABLE 7.16 (Conti nued)

AVWG OR SPACI NG POSI TI VE  SEQUENCE ZERO SEQUENCE
KCM £I NCHES) (G—II\/B/ 1000") ( OHVS/ 1000
* % % % % ***** PR 3 I 00 P 0 I 0 0 b 0 PR 0 I 200 P 0 b 0 b 00 I 20 b 0 b 0 4
R X R X
300 8 0. 0468 0. 0802 0. 2562 0.1170
300 9 0.0478 0. 0826 0. 2556 0.1175
300 10 0. 0488 0. 0847 0. 2550 0.1179
350 2 0.0328 0.0479 0. 2527 0.1061
350 3 0. 0347 0. 0569 0. 2511 0. 1076
350 4 0. 0364 0.0632 0. 2498 0. 1086
350 5 0. 0379 0. 0680 0. 2488 0.1094
350 6 0. 0393 0.0718 0. 2480 0.1101
350 7 0. 0405 0. 0750 0. 2473 0.1107
350 8 0. 0416 0.0777 0. 2466 0.1112
350 9 0. 0427 0. 0801 0. 2460 0.1116
350 10 0. 0437 0.0822 0. 2455 0.1120
400 2 0. 0290 0. 0465 0. 2440 0. 1015
400 3 0. 0308 0. 0555 0. 2424 0. 1029
400 4 0. 0325 0. 0617 0. 2412 0.1039
400 5 0. 0341 0. 0665 0. 2403 0.1030
400 6 0. 0355 0. 0703 0. 2395 0. 1053
400 7 0. 0367 0.0735 0. 2388 0. 1059
400 8 0. 0379 0.0762 0. 2382 0.1064
400 9 0. 0390 0.0786 0. 2377 0. 1068
400 10 0. 0399 0. 0806 0.2371 0.1072
500 2 0.0235 0. 0437 0. 2270 0. 0916
500 3 0. 0254 0. 0527 0. 2257 0. 0930
500 4 0. 0271 0. 0590 0. 2247 0. 0939
500 5 0. 0287 0. 0637 0.2239 0. 0946
500 6 0. 0301 0. 0675 0.2232 0. 0952
500 7 0.0314 0.0706 0. 2226 0. 0958
500 8 0. 0326 0.0733 0.2221 0. 0962
500 9 0. 0337 0. 0756 0.2216 0. 0966
500 10 0.0348 0.0777 0.2212 0. 0970
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TABLE 9
| MPEDANCE TABLES FOR OVERHEAD LI NES
TABLE 9.1
PHASE COPPER OVERHEAD LI NE

E R b 2 b b b b S b b

*
*
*
*
*
*
*
*
*

AVG OR POSI TI VE  SEQUENCE
KCM (OHVS/ 1000")
* % k% % % Rk R e b b I b S b b b b I b
R X
2. 4KV &
4. 16KV 13. 2KV 34, 5KV
6 0. 4526 0. 1420 0. 1458 0. 1553
4 0. 2846 0. 1363 0. 1444 0. 1501
2 0.1790 0. 1297 0. 1376 0. 1444
1 0.1434 0.1273 0. 1349 0. 1406
1/0 0.1149 0. 1255 0.1321 0. 1380
2/ 0 0. 0911 0.1216 0. 1297 0. 1354
3o 0.0723 0.1193 0.1269 0. 1326
4/ 0 0. 0573 0.1165 0.1240 0. 1297
250 0. 0487 0.1131 0.1212 0.1269
300 0. 0407 0.1112 0.1188 0. 1255
500 0. 0247 0.1061 0.1129 0.1188
PHASE COPPER OVERHEAD LINE
Rk R IR b P b b b b I b b b I b b b b b b b b
COASTAL AREA
*kkkkkk*kkhkkk%k
(ZERO SEQUENCE | MP. =SELF | MP. - GROUND WRE | MP.)
AVG OR ZERO SECUENCE (SELF)
QCHNB/lOO
* % k% % % * % % % *kkkkk kK% k%
R X
2. 4KV &
4. 16KV 13. 2KV 34, 5KV
6 0.4670 0. 6051 0. 5890 0.5776
4 0.3144 0. 6004 0. 5842 0.5729
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AWG OR

* % * % %

— DO

1/0
210
3/0

250
300
500

kkkhkkkkkkhkkkhx*k

ZERO SEQUENCE SSELF)
( OHVE/ 1000°
LR R I b b b b 0 b b b b b b b b b 3
R X
2. 4KV &
4. 16KV
0. 3181 0. 5933
0. 1865 0.5904
0. 1592 0. 5966
0. 1375 0. 5852
0.1204 0. 5828
0. 1068 0. 5795
0. 0987 0.5762
0. 0915 0.5748
0.0768 0.5681
E COPPER OVERHEAD
kkkkkkhkhkhkkkrkdrhkhkkxk%k kkkkk*k k%
COASTAL AREA

TABLE 9.1 (Conti nued)

13. 2KV

. 5776
. 5753

. 5719
. 5696
. 5672
. 5639

. 5611
5587
. 5530

LI NE

*kkk*k

34. 5KV

. 5662
. 5634

. 5606
. 5582
. 5559
. 5530

. 5492
. 5473
. 5412

[elele] OO OO [N e]

(ZERO SEQUENCE | MP. =SELF | MP. - GROUND W RE | MP.)

(I NDI CATED W RE SI ZES ARE FOR GROUND W RE ONLY)

AWG OR  ZERO SEQUENCE éGROJND W RE)
(OHVS/ 1000°
*kkhkkkk* E R b S b I b b b S S Sk b b b b
R
2. 4KV &
4. 16KV 13. 2KV~ 34.5KV
6 -0. 0913 -0.0814 -0.0738
4 0.0913 -0.0814 -0.0738
2 -0.0913 -0.0814 -0.0738
1 -0. 0568 -0.0492 -040435
1/0 -0. 0430 -0.0359 -0.0303
210 -0. 0284 0.0227 -0.0189
3/0 -0. 0166 -0.0109 -0.0076
4/0  -0.0071 -0. 0019 0. 0000
250 +0. 0019 +0. 0052  +0. 0076
300 +0. 0076 +0. 0109 +0.0123
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Arox

+0.
+0.
+0.
+0.

+0.
+0.
+0.
+0.

+0.
+0.

. 4KV &
. 16KV

1018
1529
1894
2178

2329
2424
2505
2576

2657
2651

13. 2KV

+0.
+0.
+0.
+0.

+0.
+0.
+0.
+0.

+0.
+0.

0928
1398
1720
1976

2107
2197
2099
2329

2367
2405

34. 5KV

+0.
+0.
+0.
+0.

+0.
+0.
+0.
+0.

+0.
+4,

0866
1304

1607
1834

1955

2042
2099
2159

2197
2232



TABLE 9.1 (Conti nued)

THREE PHASE COPPER OVERHEAD LI NE

R S S b b b S S I S I

(ZERO SEQUENCE | MP.=SELF | MP.-GROUND WRE | M.)

AWG OR ZERO SEQUENCE ( SELF)
* % % % % *****(*G*_!Ilc\/*s‘/kgc-ggcgc*)*****
R X
2. 4KV &
4. 16KV 13. 2KV 34. 5KV
6 0. 4670 0.7376 0.7216 0. 7102
4 0.3144 0. 7329 0.7168 0. 7055
2 0.3181 0. 7258 0. 7102 0. 6988
1 0. 1865 0. 7230 0.7078 0. 6960
1/0 0. 1592 0.7291 0. 7045 0.6931
2/ 0 0.1375 0.7178 0.7022 0. 6908
3/0 0. 1204 0. 7154 0. 6998 0. 6884
410 0.1068 0.7121 0. 6965 0. 6856
250 0. 0987 0.7088 0. 6936 0.6818
300 0.0915 0.7073 0. 6912 0. 6799
500 0. 0768 0. 7007 0. 6856 0. 6737
JHREE FHASE QORPER OVERFEAD LI
LINCAND, AREA
(ZERO SEQUENCE | MP. =SELF | MP. - GROUND W RE | MP.)
(1 NDI CATED W RE S| ZES ARE FOR GROUND W RE ONLY)
AWG OR  ZERO SEQUENCE (GROUND W RE)
* % % % % ****ch*_'!)\cls‘k/}(‘)kog,*********
R X
2. 4KV & 2. 4KV &
4. 16KV 13.2KV  34.5KV 4.16KV  13.2KV  34.5KV
6 ~0.1434 -0.1306 -0.1226 +0.1648  +0.1136  +0.1436
4 -0.1341  -0.1221 -0.1136 +0.2405  +0.2220  +0.2097
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AWG OR

* k k k%

1/0
2/ 0
3/0
4/ 0

250
300

AVG OR

*kkk k%

— N B~ O

1/0
210
3/0
4/ 0

266. 8
336. 4
a77

o0 O0o0O OO

+

ZERO SEQUENCE (GROUND W RE)
( OHVB/ 1000

kkhkkkkkkkhkhkkkkk*

R

2. 4KV &
4. 16KV

. 1023

0823

. 0630
. 0440
. 0284

0151

. 0061
. 0019

13. 2KV

1 1
So oooo oo

+ !

TABLE 9.1 (continued)

. 0928

0738

0559
0379
0234
0113

0035
0047

oo Ooo0OoO oo

+ 1

3

l**********

4. 5KV

. 0857
. 0681

. 0508

0341
. 0205
. 0085

. 0017
. 0061

TABLE 9.2

X
2. 4KV &
4. 16KV

+0. 3040
+0 . 3257

+0. 3409
+0. 3559
+0. 3650

+0. 3726

+0. 3778
+0. 3806

THREE PHASE ACSR OVERHEAD LI NE

kkkhkkhkkhkkkhkkhkhkhkhkhkkhkkkhkhkhkkkx*k

PCSI TI VE  SEQUENCE

( OHVS/ 1000’

)

kkkhkkkhkkkhkkhkkkhkkkhxhkk*

R

OO0 OO0O0OO0O oOoO0O0o

. 71462

4769

. 3083
L2471

. 1992
. 1615
. 1306
. 1077

. 0718
. 0569
. 0401

AN X

. 1430
. 1368
1331
1311

. 1287
. 1259
1231
1202

. 1089
. 1060
1023

Coo OO0 oOoco
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4KV &
. 16KV

13. 2KV

. 1505
. 1444
. 1409
. 1387

. 1363
. 1335
. 1311
. 1278

. 1166
1141
. 1100

000 0000 OooOo

13. 2KV

+0. 2803
+0. 2997

+0. 3141
+0. 3267
+0. 3357
+0. 3423

+0. 3475
+0. 3504

34. 5KV

. 1562
1504
. 1467
1444

. 1420
. 1394
1368
. 1340

. 1226
1198
. 1160

OO0 O0ocOo 0000

34. 5KV

+0. 2637
+0. 2822

+0. 2954
+0. 3068
+0. 3153
+0. 3215

+0. 3257
+0. 3314



TABLE 9.2 (Continued)

E PHAS OVERHEAD L
* * * k% *

*kk*

NE
*

|
*

COASTAL = AREA

kkkkkkkkhkkkx*k

(ZERO SEQUENCE | MP. =SELF | MP. - GROUND W RE | M°.)

AVG OR ZERO SEQUENCE SSELF)
KCM ( OHVS/ 1000
* % % % % PR R I 02k 00 I 0 b 0 b 0 30 0 0
R X
2. 4KV &
4. 16KV 13. 2KV 34. 5KV
6 0.7284 0. 6060 0. 5909 0.5791
4 O 4784 0. 6004 0. 5847 0. 5748
2 0. 3212 0. 5966 0. 5809 0. 5696
| 0. 2662 0.5942 0.5791 0. 5672
1/0 0.2223 0. 5923 0.5767 0.5648
2/ 0 0. 1879 0. 5894 0.5738 0. 5625
3/0 0. 1602 0. 5866 0.5710 0. 5596
410 0.1384 0. 5838 0. 5681 0. 5568
266. 8 0.1204 0.5724 0. 5568 0. 5454
336.4 0. 1068 0. 5696 0. 5540 0. 5426
477 0. 0912 0. 5658 0. 5501 0. 5388
THREE oV LI NE
R R I I P 0 b 0T 0 b 0 0 b 0 0 0 b b 3 0 0 3
COASTAL AREA
¥k kkkkkkkkk%k
(ZERO SEQUENCE | MP.=SELF | MP.-GROUND WRE |M.)
(1 NDI CATED WRE SI ZES ARE FOR GROUND W RE ONLY)
AVWG OR ZERO SEQUENCE ( GROUND W RE)
KCM ( OHVS/ 10007)
* % % % %
R X
2. 4KV & 2. 4KV &
4. 16KV 13. 2KV 34. 5KV 4. 16KV 13. 2KV 34. 5KV
6 -0.0776 -0.0691 -0.0615 +0. 0573 +0. 0530 +0. 0492
4 -0. 0946 -0.0833 -0.0757 +0. 0994 +0. 0909 +0. 0847
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TABLE 9.2 (Conti nued)

AWG OR  ZERO SEQUENCE ( GROUND W RE)
(OHVS/ 1000 )
*kkkkk* kkkkkkhkkkhkkhkkhkhkik¥khkkhxkhxhkk*x*x
R X
2. 4KV & 2. 4KV &
4. 16KV 13. 2KV 34. 5KV 4. 16KV 13. 2KV 34. 5KV

2 -0. 0946 -0.0833 -0.0757 +0. 1529  +0. 1529 +0. 1302
1 -0. 0852 -0.0752 -0.0681 +0. 1780 +0. 1780 +0. 1513
1/0 -0. 0738 -0.0644 -0.0577 +0. 2007 +0. 2007 +0. 1695
2/ 0 0. 0592 -0.0511 -0.0454 +0. 2197 +0. 2192 +0. 1856
3/0 -0. 0454 -0.0379 -0.0322 +0. 2339 +0. 2344 +0. 1969
4/ 0 -0. 0308 -0. 0246 0. 0189 +0. 2452 +0. 2452 +0. 2064
266.8 -0.0203 -0.0151 -0.0113 +0. 2594 +0. 2594 +0. 2178
336.4 -0.0094 -0.0047 -0.0019 +0. 2670 +0. 2670 +0. 2244
477 +0. 0056 +0. 0080 +0.0099 +0. 2755 +0. 2755 +0. 2301
THREE E oVl LI NE
kkkkkkhkkkhkkhkkhkhkkhkhkkhkkhkxkhkhkkkrkkhx*
| NL REA
kkkkkkhkkkhkkk*x

(ZERO SEQUENCE | MP. =SELF | MP. - GROUND WRE | MP.)

AWG OR ZERO SEQUENCE ( SELF)
KC M (OHNB/lOOO')
X%k %%k k% ER R 3 0 e 0 0 0 0 b 0 0 0 0 0 4
R X
2. 4KV &
4. 16KV 13. 2KV 34. 5KV
6 0.7284 0. 7386 0.7234 0.7117
4 0.4784 0.7329 0.7173 0.7073
2 0. 3212 0.7291 0.7135 0.7022
1 0.2662 0.7268 0.7116 0. 6998
1/0 0.2223 0.7249 0.7092 0. 6974
210 0.1879 0.7220 0.7064 0. 6951
3/0 0. 1602 0.7192 0.7036 0. 6922
410 0.1384 0.7163 0. 7007 0. 6894
266. 8 0.1204 0. 7050 0. 6894 0.6780
336.4 0. 1068 0.7022 0. 6865 0. 6751
477 0.0912 0. 6984 0. 6827 0.6714
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AVG OR
KCM

* k k k%

AVWG OR

* k k k%

[ NS I =N

TABLE 9.2 (Conti nued)

EE PHASE OVERHEAD LI NE
* % * %

kkhkkkhkhkkkkkkkhkhhhhkhkhkh*k

(ZERO SEQUENCE | MP. =SELF | MP. - GROUND W RE | MP.)

(I NDI CATED WRE SI ZES ARE FOR GROUND W RE ONLY)

ZERO SEQUENCE ( GROUND HI RE)
(OHVS/ 100 UQ

*kkhkhkkhkkhkhhkkhhkhdrhdhhhhkhkdrkkhkxhkkkhkk

R X

2. 4KV & 2. 4KV &
4. 16KV 13. 2KV 34. 5KV 4. 16KV
-0.1231 -0.1130 -0.1055 +0. 0946
-0. 1467 -0.1326 -0.1245 +0. 1591
-0.1382 -0.1259 -0.1174 +0. 2358
-0.1231 -0.1130 -0.1055 +0. 2698
-0. 1046 -0.0947 -0.0871 +0. 2983
-0. 0842 -0.0757 -0.0686 +0. 3219
-0.0648 -0.0573 -0.0520 +0. 3394
-0. 0469 -0.0402 -0.0356 +0. 3537
-0.0322 -0.0269 -0.0232 +0. 3726
-0.0180 -0.0132 -0.0104 +0. 3797
-0. 0009 +0. 0023 +0. 0052 +0. 3835

TABLE 9. 3

THREE PHASE ALUM NUM OVERHEAD LI N

kkkhkkhkkkkkx%x kkkhkkhkkhkkhkkkkkx%x

PGSI TI VE SEQUENCE

Q OHVE/ 1000°
* % % *************
R X

2. 4KV &

4. 16KV 13. 2KV
0. 4659 0. 1330 0. 1403
0. 2930 0.1280 0. 1352
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13. 2KV 34. 5KV
+0. 0871 +0. 0833
+0. 1477 +0. 1397
+0. 2187 +0. 2064
+0. 2500 +0. 2358
+0. 2765 +0. 2609
+0. 2978 +0. 2812
+0. 3144 +0. 2954
+0. 3291 +0. 3087
+0. 3442 +0. 3238
+0. 3523 +0. 3314
+0. 3598 +0. 3390

34. 5KV
0. 1467
0. 1416



AVG OR
KCH

* k k k%

1/0
4/ 0

336. 4
477
636
795

AVG OR

*kkkk*x

1/0
4/ 0

336. 4
477
636
795

TABLE 9.3 (Conti nued)

PCSITIVE SEQUENCE

I\/B/lOOO)
************ * % % %
R X
2. 4KV &
4. 16KV
0. 1842 0.1226
0. 0920 0. 1165
0. 0579 0.1100
0. 0411 0. 1055
0. 0310 0.1023
0. 0248 0. 0999
TH E ALU OVERH
EIR 00 30 0 30 00 00 0 0 30 0 I 0 b 0 0 0 0 b b 30 0 b
COASTAL AREA

kkkkkhkkkhkkkkk*

13. 2KV

(ZERO SEQUENCE | MP. =SELF | MP.-GROUND W RE

( / 1000’
IR0 I 0 b 0 00 00 b 0 I 00 0 0 b
R X .
2. 4KV &
4. 16KV
0. 5040 0. 5964
0. 3363 0. 5909
0.2312 0. 5862
0. 1466 0.5795
0.1123 0.5738
0. 0952 0.5691
0. 0852 0. 5653
0.0791 0. 5630
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13. 2KV

. 5819
5767
. 5719
. 5651

. 9591
. 5549
. 5509
. 5487

0000 OO0O0O

34. 5KV

0. 1359
0.1301

0.1236
0.1193
0.1155
0.1131

34. 5KV

. 5696
. 5640
. 9591
. 5525

. 5464
. 5421
. 5383
. 5359

OO OOO0OO0o



TABLE 9.3 (Conti nued)

THREE PHASE AL OVERHEAD LI NE

kkkhkkkhkkhkkhkhkkhkkhkhkhhkhkhkhkkhkkhkkhkhrkhkkkx*k

COASTAL AREA

kkkkkkkkkkx*k

(ZERO SEQUENCE | MP. =SELF | MP. - GROUND WRE | MP.)

(I NDI CATED H RE SI ZES ARE FOR GROUND W RE ONLY)

AWG OR  ZERO SEQUENCE (GROUND W RE)

KCM (OHVE/ 1000')
* k k k% kkkhkkhkkkkhkkkhkhkhrkk ki khxhx*k
R X
2. 4KV & 2. 4KV &
4. 16KV 13. 2KV 34. 5KV 4. 16KV 13. 2KV

4 -0.0786 -0.0696 -0.0634 +0. 0947 +0. 0866
2 -0.0786 -0.0696 -0.0634 +0. 1454 +0. 1321
1/0 -0. 0559 -0.0483 -0.0430 +0. 1875  +0.1699
4/ 0 -0.0180 -0.0132 -0.0104 +0. 2163 +0. 1955

336.4 +0.0019 +0. 0040 +0. 0056 +0. 2273 +0. 2059
477 +0. 0123 +0. 0137  +0. 0147 +0. 2320 +0. 2097
636 +0. 0142 +0. 0156 +0. 0161 +0. 2348 +0. 2126
795 +0. 0232 +0. 0237 +0. 0237 +0. 2391 +0. 2159

AWG OR ZERO SEQUENCE ( SELF)
( OHVS/ 1000'
* % % % % PR R I 02k 00 I 0 b 0 b b b b 0 0
R X
2. 4KV &
4, 16KV 13. 2KV 34. 5KV
4 0. 5040 0. 7290 0.7144 0. 7008
2 0. 3363 0.7234 0. 7092 0. 6966
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34. 5KV

+0.
+0.
+0.
+0.

+0.
+0.
+0.
+0.

0809
1226

1572
1814

1908
1951
1969

2002



TABLE 9. 3 (Conti nued)

AVWG OR ZERO SEQUENCE ( SELF)
* k %k % % ****Sc*********)*****
R X
2. 4KV &
4. 16KV 13. 2KV 34. 5KV
1/0 0.2312 0.7187 0. 7045 0. 6917
4/ 0 0. 1466 0.7121 0. 6977 0. 6851
336. 4 0.1123 0. 7064 0. 6917 0. 6790
477 0. 0952 0. 7008 0. 6875 0.6747
636 0. 0852 0. 6979 0. 6835 0. 6709
795 0. 0791 0. 6955 0. 7002 0. 6685
THREE PHASE ALUM NUM OVERHEAD LI NE
R R I b A R b I I S S S R R kI R A S

(ZERO SEQUENCE | MP. =SELF | MP.-GRCOUND WRE | MP.)

(I NDI CATED WRE SI ZES ARE FOR GROUND W RE ONLY)

AWG OR  ZERO SEQUENCE ( GROUND W RE)

( OHVS/ 1000 )
* % % % % PR 0 b 00 0 0 S 30 b 0 b 0 b 0 b 0 b 0 b b b b 30
R X
2. 4KV & 2. 4KV &
4. 16KV 13. 2KV 34. 5KV 4. 16KV 13. 2KV 34, 5KV

4 -0. 1420 -0.1297 -0.1212 +0. 1496 +0. 1401 +0. 1326
2 -0. 1363 -"0.1255  -0.1179 +0. 2310 +0. 2159 +0. 2026
1/0 -0. 1065 -0.0966 -0.0894 +0. 3020 +0. 2798 +0. 2642
4/ 0 -0. 0473 -0.0412 -0.0364 +0. 3579 +0. 3309 +0. 3106

336.4 -0.0170 -0.0132 -0.0104 +0. 3769 +0. 3499 +0. 3291
477 +0. 0009 +0. 0033  +0.0042 +0. 3844 +0. 3560 +0. 3352
636 +0. 0033 +0. 0052 +0.0061 +0. 3901 +0. 3612 +0. 3399
795 +0. 0180 +0. 0189 +0.0198 +0. 3948 +0. 3655 +0. 3447
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CHAPTER 6. LOAD SURVEY

6.1 ACCURACY REQUI REMENTS. The validity of a power system anal -
ysis is also dependent upon the accuracy of the |oads used for
system nodel i ng. Extrene care nust be exercised when the repre-
sentative |loads for each selected |oad center are devel oped.

Load data, which is not representative of actual system | oads,
wi Il cause unrealistic system conditions to be nodeled and w |
result in erroneous conclusions for the study. Mst information
requi red for developing representative system |loads is avail able
in existing activity records. Enhancement and verification of
the system | oadi ng can be acconplished by taking spot readings
at permanently installed netering points or with portable neter-
ing. Also, the activity electrician foreman’s know edge of the
daily operation of the electrical power systemis a valuable as-
set when engi neering personnel are developing the representative
system | oads.

6.2 DEFINITIONS. The following definitions are provided to fa-
cilitate understanding of the information which is developed in
a load survey.

1. Maxi mum Demand - The naxi num system | oad or capacity
actually wutilized. It is the integrated maxi num kil owatt demand,
usually over a 15 or 30-mnute interval rather than the instan-

t aneous peak demand. This information is available on previous
utility bills.

2. Connected Load - The total of all |oads connected to the
system In distribution systems, this is the sumof all trans-
formers which provide power directly to |oads w thout any inter-
medi ate transformation.  (Usually output of 600 volts or less.)
In buildings, the connected load is the total of all installed
equi prent, lighting, notors, etc. loads within the building.

3. Demand Factor - The ratio of the maxi num demands to the
total connected | oad.

4, Diversity Factor - The ratio of the sum of the individua
maxi mum demands of the various parts of the systemto the maximum
demand of the whole system nmeasured at the point of supply.

5. Load Factor - The ratio of the average |oad over a desig-
nated period of tine to the peak load occurring in that period.

6. Coincidence Factor - The reciprocal of the diversity
factor.

7. Coincident Demand - The maxi num demand of a part of a
system (for exanple, feeder, building) nultiplied by the coin-
ci dence factor established for the activity.

8. | npact Load - Large |oads which are inposed on the sys-
tem on a non-schedul ed basis (for exanple, fire punps, peak
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berthing |oads, wind tunnels). _ _ _

9. Load Diagram - Sinplified one-line diagram show ng |o-
cation of load centers and nmagnitude of | oads. _

10. Load Center - A substation, building or location on a

feeder where |oads are consolidated for analyses purposes. Load
centers should be greater than 250 KW wherever practical.

6.3 DOCUMENTATI ON OF LOAD DATA.

6.3.1 Load Calculation. Mst activity personnel think of system
| oads as anps and kilowatts because circuits are netered using
amreters and kilowatt meters. However, conputerized nodeling
used for system analysis requires systemloads to be shown as
kilowatts and kil ovars. Inany A.C. electrical circuit, the fol-
| owi ng geonetric relationship (Figure 14) exists for any given

| oad condition.

WU
s KVAR

pf=COSINE ©

KW

FI GURE 14
KW KVAR, KVA, Pf Angle Relationship

e product of the circuit voltage and the anperes flow
e circuit or:

~— —+
= e

KVA = C X voltage x anperes
1000

Cis a constant _ _ _
C = 1.00 single phase circuit
c = 1.73 three phase circuit

Power Factor (Pf) is the ratio:_KW_
. , KVA
Pf is also the cosine qg.
Exanpl e:
A three-phase 13,200 volt circuit has a |oad of 280 anperes
and the kilowattmeter on the circuit reads 5440 KW

1.73

KVA = T0O00 X 13,200 x280 = 6400 KVA
KW 5400

Pf = KVA = 6400 = 0.85 = 85%

From Table 10:
KW x conversion factor

5440 x0.620
3370 KVAR

KVAR
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From Table 11:

KVAR = KVA x conversion Factor
= 6400 X 0.527
= 3370 KVAR
Therefore the circuit |oad is:
5440 KW
3370 KVAR
TABLE 10
Power Factor KW Conversion Tabl es
0 Conver si on Factors
Pt % KW KVAR KVA
100 1.00 0. 000 1. 000
99 1.00 0. 142 1.010
98 1.00 0. 203 1.020
97 1.00 0. 249 1.031
96 1.00 0.291 1.041
95 1.00 0. 329 1.053
94 1.00 0. 363 1.064
93 1.00 0. 395 1.075
92 1.00 0.426 1.087
91 1.00 0. 456 1.099
90 1.00 0.484 1.111
89 1.00 0.512 1.123
88 1.00 0. 539 1.136
87 1.00 0. 567 1. 150
86 1.00 0. 594 1.163
85 1.00 0.620 1.177
84 1. 00 0. 645 1.190
83 1.00 0.672 1. 205
82 1.00 0. 698 1.220
81 1. 00 0.724 1.235
80 1.00 0. 750 1. 250
75 1.00 0. 881 1.333
70 1.00 1.019 1.428
65 1.00 1.169 1.538
60 1.00 1.333 1. 666
TABLE 11
Power Factor KVA Conversion Tabl es
Pf 0% KVA C%Rzersion Faiézgg
100 1.00 1.00 0. 000
99 1.00 0.99 0.141
98 1.00 0.98 0.199
97 1.00 0.97 0. 243
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TABLE 11 (Conti nued)
Power Factor KVA Conversion Tabl es

Pf 04 KVA Con%g&3|on Fac&a&s
96 1.00 0. 96 0. 280
95 1.00 0.95 0.312
94 1.00 0.94 0. 341
93 1.00 0.93 0. 367
92 1.00 0.92 0. 392
91 1.00 0.91 0. 415
90 1.00 0.90 0.436
89 1.00 0. 89 0. 456
88 1.00 0. 88 0. 475
87 1.00 0. 87 0. 493
86 1.00 0. 86 0.510
85 1.00 0. 85 0. 527
84 1.00 0. 84 0. 543
83 1.00 0. 83 0. 558
82 1.00 0.82 0.572
81 1.00 0.81 0. 586
80 1.00 0. 80 0. 600
75 1.00 0.75 0.661
70 1.00 0.70 0.714
65 1.00 0. 65 0. 760
60 1.00 0.60 0. 800

6.3.2 Historical Demand Data. Figures 14 and 15 are exanples
of typical daily and yearly peak demand curves. These curves can
be extremely helpful in analyzing load trends at an activity.

6.3.3 Distribution of Load. The starting point for devel oping the
distribution of the activity load is the highest recorded activity
demand within the past 12 nonths. This peak load is then adjusted
to represent the estimated activity peak demand for the current

cal endar year. This new adjusted peak demand then becones the
base | oad which is apportioned anong | oad centers throughout the
activity. Load centers are buildings, substations or points along
a feeder where | oad can conveniently be represented. To ease the
task of system nodeling, |oad centers selected should represent

| oads of 250 KWor nore whenever practical. For feeders which
have many snmall |oads distributed evenly along their |ength, such
as housing feeders, the entire feeder |oad can be |unped at the

el ectrical nidpoint of the feeder. Loads to be represented at
each |oad center can be determned by field nmeasurement, engi-
neering estimates or a combination of both. Field neasurenents
taken with existing nmetering or portable netering can provide a
good indication of load distribution. However, these readings
shoul d not be considered as absolute, but as guides, when devel -
oping loads to be represented at each | oad center. Measurenents
cannot always be nmade when the systemreaches its annual peak
demand (one hour a year) because of tine limtations and the in-
ability to predict when the activity peak demand will actually
occur. Therefore, neasurenments nust always be adjusted to
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represent peak |oads even though they were taken at non-peak |oad
condi tions. These adjustnents are nade using the coincidence
factor established for the |oad center by neasurenents taken over
a period of time or by applying coincidence factors listed in
NAVFAC MO-303, "Utilities Target Manual." The targets required
by NAVCOWPT Manual, Chapter 7 and devel oped in accordance wth
MO- 303, can also provide guidance for distributing |oads upon each
f eeder. During the devel opnment of the representative | oading

for the activity, it is extrenely inportant that the know edge

of engi neering and operating personnel be conbined to provide the
nost accurate conposite picture of station load distribution as
i's possible.

6.3.3.1 Exanple:

FEEDER A 1000 1000 /Ya\oo' zmo' 200' 200'\i/20/oy\
| ADMIN BLDG HOUSING AREA

FI GURE 15
Typi cal Feeder with Distributed Loads

Feeder A supplies the adnin building and base housing. Measure-
ments have shown, that when the station daily peak occurs in the
sumrer, the admin building represents 40% of the load on the feed-
er A The remaining load is all housing. The neasured coinci-
dence factor for feeder Ais 10% of the station demand and the
anticipated station peak demand will occur this sumrer and wl |

be 10,000 KW It is also known that the power factor of this.
feeder is 80%  Coincident denmand Fdr A = 10,000 x 0.10 = 1000 KW

Adm n bldg = 40% x 1000 = 400 KW
Housing = 60% X 1000 = 600 KW

See Figure 16 for a typical |oad diagram

6. 3.4 Inpact Loading. | npact | oad exam nes the effect non-
schedul ed peak demands have upon electrical power distribution
systens. These inpact |oads can be caused by increased ship
berthing |oads, fire punp operation, wind tunnels or specialized
testing equipnent, etc. For purposes of an electric power system
anal ysis, inpact |oads are considered to contribute to an activi-
ties peak demand, but will not raise the peak demand. | mpact

| oad data nust be included when these | oads occur at an activity.
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| ELECTRICAL
LOAD CENTER
1000 1600’
FEEDERA L
400KW L 600 KW
300KVAR L 4ookvar
ADMIN BLDG HOUSING
FI GURE 16

Typi cal Feeder with Loads Consoli dated

Devel opment of the magnitude of inpact |oads are taken from pre-

viously recorded demands of these |oads. (See Figures 17 and 18.)
I f docunmented information on the "inpact |oad" is not available,
a subjective evaluation will have to be nmade considering any known

| oad paraneters, such as published |oad requirements for ships
in cold iron status or fromthe nanme plate rating of the equip-
ment .

6.3.5 Future Load Data. Activity load for five years in the

future is used to evaluate whether the existing systemwll be
capabl e of supplying developing |loads and to optinize the benefits
of any system expansion or reinforcenent. Future |oads are devel -

oped by assuming an annual growth rate of 2% or 10% growth for
five years. To this new base |oad is added the coincident denmand

of all special construction and MLCON projects which will be
conpleted during the next five years. (As a general rule, it
requires two years to conplete a project fromthe year in which
it was funded). New construction |oads should be either placed

on an existing load center or when required, a new | oad center
shoul d be established to support the |oad.

Sanpl e Future Load Devel opment

Fdr A Fdr B

Current Load 250 500 KW

Normal 5-yr. growth 25 KW 50 KW
M LCON 40 KW (P-000) 180 KW (P-001)

Tot al 315 KW 730 KW

Load data is represented on a sinplified one-line diagram A
typical load diagramis shown in Figure 19.
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